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SN E MBS E BRI TR AN E BB REERE
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MBI R IF IR % 52 58 R . AR, FRFF R &6 + & 1l
R ARBERAE NP7 A T S T IR S, AT
BRI T G N M . FERY T, BT A
KRB LA ARG ) G 52 & P AW B AR AR Ml (R 10 55 5 T R 35
HEIER, X — R SEME RN ZEEL, JF H— i
RHIWNARER LI KRS THRBRZ B ERRRCERBE T
UESE . 3 G (BRs) 14 Rt ad R W R L H — i &,
HAARE YR G M EREZ 2] 7T Z w5, 8 B a0
SR AR A o R SRR (KA ORI OB S AT e . R,
SIS AT RO R, B ST FC I3 3R A TR 7 R T 1 A A
ARSI S AR B2 AR ROHLEE, S5 R0

(1) SR AN AR5 RMOIEH R T R E A K A
TR R R R R I A, (E SR RN T E R PR R
MR EL, 155 3 REERIH K, N 19.4240.33 ng/g, ~XTHEA
(CK, 14.42+0.18 ng/g) [ 1.34 f%. &P+ (11.46+0.15 ng/g) 1 1.69
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[t BRs BEWS (21 75 BRAN T sy LA S B I AR 2R s k4, BRs ik
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Physiological metabolism and melatonin enrichment
mechanism of barley seed germination regulated by

exogenous brassinolide

ABSTRACT

As a landmark crop in the Tibetan Plateau region of China, the
nutritional and industrial value of barley has begun to attract the attention
of scholars in recent years. Studies have shown that barley seeds are rich
in melatonin. Melatonin, as a kind of indole compound commonly found
in plants and animals, plays an important role in regulating the
physiological metabolism of plants and animals. In plants, it plays an
important role in regulating plant growth and development as well as
protecting plants from various biotic and abiotic stresses, which is similar
to that of plant hormones, and the crosstalk between some plant hormones,
such as gibberellin, ethylene, abscisic acid, and melatonin, has been
demonstrated. Nowdays, the role of brassinolide (BRs) in promoting the
regulation of plant development has been widely studied. However, there
are nearly no studies related to the role of brassinolide in regulating
melatonin enrichment in plants. Therefore, this experiment took barley as
the material, and focused on the study of oleuropein lactone on the

physiological metabolism of barley seed germination and the mechanism
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of melatonin enrichment to study and analyze, the results are as follows:

(1) Brassinolide, gibberellin and ethylene could promote the growth
of barley seedlings as well as regulate melatonin enrichment in barley
seedlings, but brassinolide had the best effect on melatonin enrichment in
barley seedlings, which reached a maximum of 19.42+0.33 ng/g at the
third day, which was 1.34 times higher than that of the control (CK,
14.4240.18 ng/g) and 1.69 times higher than that of the seed (11.46 +
0.15ng/g) by 1.69 times.

(2) The content of B-glucan, y-aminobutyric acid, total phenols, total
flavonoids, total starch and malondialdehyde in sprouted barley was
significantly affected by different concentrations of brassinolide (BRs).
Among them, 100 umol of BRs could promote the increase of B-glucan
content in barley; 200 umol of BRs could significantly promote the
accumulation of GABA; 100 pmol of BRs could promote the
accumulation of total phenolics and total flavonoids; in addition, BRs
could inhibit the decomposition of starch, and had a certain inhibitory
effect on the production of malondialdehyde.

(3) Transcriptome sequencing was employed to analyse differential
genes in three groups of samples: BR (oleuropein lactone-treated), C
(sterile water-treated), and S (seed control). A total of 3675 differentially
expressed genes were identified between BR and C, 26001 between BR

and S, and 26753 between C and S. The results of the enrichment analysis

VII
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indicated that the BR and C groups were primarily enriched for genes
involved in photosynthesis, light harvesting, energy derivation for
oxidation of organic compounds, and cellular respiration. In contrast, the
differential genes of the BR and S groups were primarily enriched for
genes involved in phenylacetone biosynthesis and flavonoid biosynthesis.
Finally, the differential genes of the C and S groups were primarily
enriched for genes involved in phenylpropanoid biosynthesis, starch and
sucrose metabolism, and other processes. The expression of differentially
expressed genes related to melatonin biosynthesis was analysed, and it
was found that 10 differentially expressed genes were enriched for
melatonin by regulating the activities of L-tryptophan decarboxylase,
arylalkylamine N-acetyltransferase, and acetohydroxytrypt.
O-methyltransferase was observed to be active during germination of
barley seeds, with one differentially expressed gene being up-regulated in
response to the action of oleoresinolide to achieve melatonin enrichment
in young barley seedlings. Similarly, activity in response to oleuropein
lactone was observed to achieve melatonin enrichment in barley
seedlings.

KEYWORDS: gingke; melatonin; brassinolide; physiological metabolism;

transcriptome
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B 1E %P

1.1 FREN
H™ (Hordeum vulgare L. var. nudumhook. f.) , YEARAE BUNERF]—ANAE

iz —, BT HAEWGRI A S350 58U 23 B IR R T B RO AR R 22 B Te e K5
031, PUBHHRIA “HRL” , MERIE AR “T57 o R4E S BRI
SUSESHERER SR, SRR R ER WURERU A RE
WAk, TR AN AR REE AT Aoy i A R R, IR R
HERA, ERE, HREX EEUMEUEERAAERERAE, P mnEi
FELEVUEAE, T PR AR AR MED . R TR E T e bR Sk
TEdn, = Ehe b B PRR P B 65 %L b JEEdER, #uks) 2023 4F
R, TR AR X ER R CAT) 84 Jimi, FHFHAL 222.87 JiH0l.

VR, BB E RS FRME DRI 0612 52 3 E A 255 1 5
BT H KT R EmERIX (4000 k) K, PsdtE, KEFLUGERN
Vet B T RRRE s SN AR R A DR R WOR PRAR A R P 2 LR
LR PRI, R 2 A T AR R — R AR AN A 28 1 AR AR )
B, X AFAEE T B-HRNE - TR MBUEY . HAEERE LGRS
YESFTNREVE TERL AT A, DR Z 2350 8 7R ThRE A 703 R R A FH IR 41 4k b
Fo——F5%, HAARLIRE AW KRR 5 2 ek B A i LIRS
PEUOL, R, HRRBLL gl mE A, YRR KRN R 8 TR
AETEFR . H AR AR LE DRI M oy, (A5 AR BT IR Ag S5 AT ML B T2 I R
WrE. n. - S EA B b B il A A g S5 D el s Wi B I R &
Yy, IHARSRIHU A, BENS IR AARRESRIESARHS, TR ARl U2, Beah,
HHRPEEHFEMRER, Lt 5Ty b — e E R R, &—
T B B AEVEVED LY. HULE K, PRI R D ReE & dh AR o JskE, R
TheetE & MmN L EA ) ERRTR. Bar, HRESH BN X e X %
B, DX R B % e R A Bk vk (g e e VR E Y . BRI, i 2l 5n)
TR R R BINT R, AT B E R R & i R R

1
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12 HREZEMRHER
1.2.1 #BEE

B RS M ZAAE T S SHEY S i — s SR A . £,
HB R AT A BUALER A A 1, E T T BRIR- BRI . HEMR B UASE
T3 A T AV OGBRA €8 E PRA T R I — R TR RAEZ ATy
HEZEEH, GFAFMERS. WEsiG. REomE nk. BAhm
FIVER, I HIC R PR IE . HUIIERSE 2R AL o IX L8 i T 2 BH 4R 2 SR AR AR R B 1A
By A AN AR TSP 0 T R $5E 5 B LI DRE, AR R AR 9T U 1 7 £ R H
S T A IR SRR R R B T AR 2 A Im R SR A R R I BV R VR T RCR
AT AR BN BT 7 TR BT % A o B0 5 4 RR 2R 32 AR LA FH 03I 24 e 6 PR T
R, S AR ZR AR AT A8 S AU R G T R PR S A S o XA S
PR T8 B R BT I AR IR R _E R R I, D BE Sy Sk TR OB SR BRI 2
(151,

TMAEAE) b, AR ER R T RERE AR BILLE [F) B4 vh AR [ R 755 D' Ja 0 5 15 el
RZAb, BRI Z EE LB AR fR TR H AT R R, MY
W25 B Wi BRI 2 RSB IS I, M IR 3 3R A
RIFIRIE KT, DUS SR B S HUERE /) o IX St SO R HE 7R T R TE RLX Ah 5t
PO R BT, 4R S 2y — T A R LA (VR ol A R S R
A, YIRS R B — RV NNME ARSI AT, DA SO PR e i ol B
lel, fEREY Y, MR R BAFES 5EYPHEA REE S, BHBS5 R
PRI AR IRARIITER. B2 EEEWERE. T4k, SAMYEE
FEW, YRR FATFIREL S REBMHEYBEAEEAT SR, ©
I EAER . M TR, SEEOE BB R AR B A K DL AREHE . H AT,
Kbk % 1) CATTIRT iZ RIEAR R R SR MRS HARR . BFFRE,
HRB B SRR AR A KR B RN B R Hh AR LR R B IR AR B
TERX TR E ARG R E R, JEHABERNER. F5
P S5 FE T i R A €. R, 20 T AR R R SRR (A R A
PEFRLAEL, X FERA TR N BRARAE A 9 50 15 RS0 HESIAO B (1 & J LR i
o5 R AR BAT B R S AR AU AR AR, A B TS A AR
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S B HE G IR A AT ) S i)

122 EYHREZRNENEMIRRE

TP PR R R & R 53 AR, (A VYRR T Y ShE

545 SRR B R AT A R B IX — etk , 1S AR S Al S SR LA )
PP S EYE BOB AR LR — RIS, BHET, FREE WS,
TR R R A A G R 2@ LR 77 (AT (&R (Tryptophan) 56 1H
Bha Z R R (TDC) ¥4k Nt fi% (Tryptamine) , J&iEid (4 f%-5-F2 Ll (TSH)
A A I 5-F2 B % (Serotonin) o 2R 5 S-FR GBI 5-FR AN - LB F5 A2 BE(SNAT)
AN N-2 i 5-3 (0l (N-acetylserotonin) , B N-Z.fE 5-5% (4 i F L #67%
(ASMT)/ Wil HE R O- H & # & g (COMT) # L N 5- H & 3 & %

(5-methoxytryptamine) « 5 J5, 437 7E ASMT/COMT LA K SNAT HIEA N T,
N-ZBE 5-Ftafg O 5 5-FAEMHE (5-methoxytryptamine) 1L A R 2 %

(Melatonin) ). Bribz b, #MaEFH A, FEhPh oML, A
fi2 A e % i SR PR AL CTPHD AR FH AR B 5-32 (2208 ( S-hydroxytryptophan )
BRI AR A B SR 2R . BackOf1 Zhang ZE2N7E KRG (KRl 1 DLRAR 2R 507 #AG I
B Y s-REER, XOVEERICE SR BRI T AR

Tryptophan

TPH
TDC
| Tryptamine ‘ ‘ 5-Hydroxytryptophan
SNA/ T5H
TDC
N-acetytryptamine | l Serotonin ‘ g
e ASMT/
v . COMT
ASDAC \
TSH SNAT
5-methox§1ryptamine
| N-acetylserotonin ’ /
ASMT/ /
COMT BNAL

4

K 1-1 R AR R 2 AR g AR

Fig.1-1 Biosynthetic pathway of melatonin in plants
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E: TDC: MR : TPH: (W 5-F %Ll ; SNAT: 5S-G N - LA 8 : TSH:
tuiz-5-F2 A0l COMT: WIHERE O- R4 F2 1 ; ASDAC: N-ZMEILIE 2 it £ Bt
1.3 YA ESHREZRNEL(ERARER

BEE AT FERIRN, AR AEAE A b B4 PG DB RGBR T . FERE )ik, B
AT HR B R FE i 2 AR 2 — =2 EAE R T AR A DL R AR A= 1 i3 i AR S A
YIRS IR R . [FRE, AR R A AN AT B TR 7R, R AR X 7 T
LB T ARALEL A [E] B4R FH 22, TR A AR 2 A R R B, B R 4
IREL RER. BMIEREZMHEYEER, ST ER K REERINSHR . 7K
MR MEERNBE Z MU IR RE AT 2N T EYBERS
HRBER Z [AAAAEAE — Ml 2 Pl ELAE S (ERAE DR 5 08 R 3R TA) AR ELAE
SR A SRAFAE AR AR (1 ) o e R AT TAE 4 R] (R g2 I EH I R
EEFEREERD DLAH SRR BR] GRIEA AT D ki, &
ATRI Be U] SRR S E R R 5 &, W WG T3 35, LT REHE YY)
BRI =577 24,
1.3.1 #RERIEYHEIER

WeilE AR THRE R 5AEKER JAA) ZRIMKR, AR ERRE
g FJLRZ 53] IAA SRR, PAKAE KR 2 AR g iDL K 1) Rk K, A
MRAEHER Z G AE KR A G AL E 55T Wang RN KDL THE R
AEH A S MRS5S (AHK4. AHPs DL ARR1S) SRxf A4 4
FUER, TSI > 2R R R REER s Lv RTAHHF 1B R AE
P TR 10T R 5 20 B R AR IR ) R LA A AT R IR R AR TR R AR
TR R R Y R S PUE . AR Li SRS AT, b AT R D@
[ JI 7 T2 5 FSG R R PR DR 22 R AR AR e &1 sl R 3R P DA iR K2 v R R
T R o VA R 1 DL A A R G PR S — AR BR T AL
GRS, FRATH AR B X TR YR SHR B R IA M Z 1. n
Luo S5O 58 R, AMIEPE AR B Fmad s mm J LN 5 R R AE )& y(LOX 1.5 Al
LOX2.1). KR ESE. BBV LA T (HYS 1 MYB86)AH 5 it 3 A i %
1, WNTITSRIG Bt /N 22 75 Ve AN SR IT B JE PE s SEam S5 O 5T 1 Al R R i i
PV R IR RN 085 07K T RIE B RE VD 545 R 20K ST SR 2% ) i &
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PCR ZREN], #RBEREEFELW T 5K G PR K (MdPAL .
MAICS2) I, X NHRIR R SRR I AR R R 4R it 1 B S04%; Yang
FBUNKIL, 183 2R AL 5 B R I, L5 N AT SR I A 45 s DR
RIBZ PG XL TS R RN, @ AN SRR R AL B, T DL
SEMREY) N IR 1 AR AR Y, I8 R AR
1.3.2 HEMHMENEERIER

HAT, BARCLAIRZ T TTIRIE 1 MR 2K AL AR A R 1 R 24
R, B5 BEAR L, ST MRS X A7) Y SRR PR 2R IR I OB TR AR B2
Chen ZEBAFFT 1 AELLAZBE A, AN VA O WIRPERR R R A o AT TR B,
AL At VR R LAk T AR AR B B KPR B B EE IR T DA
It LSRR SR I 25 AR W], AR PN B VA R S EF [R 7 (CeAZF2) Ak 2 M
AT (CeEIN3) , AJ U B4R 45 & R 8 7 RIS MR B R A & . 1E
Zhou BRI IR, R TR (JAA) AR S i)ve & SN IR R
VR . WA RN, i QBB S, Bk SR S B PA AR T K Ay -
T (GABA) &AM, I HiX—20 5T AN & RS i _E R
IR o KGR IR 7R 1 W51 W £ R A 3 RT3 A A SR K P SRR B R S 94 3
FFERAE 1151 LB X HE BB AT GABA A A SR M2 DR R PR LR I ER R o AE KA
F, HwangPURIRTER Y], MR /R R AL, JKAEH TR TE I HE SR K15 2
WENGET . B PR N RAESRIS R, e ] MAE /KR8 R AR TR 2 & R
PO JE 3R e AR R R ER B/KF o YinBSWIT AT 1 AMIE SR AR R X 5
4w AR TERE PR R A AE YD S RS . AT, SRATER TR AE U8 B 2 ST
KRB R HIRIE, BOMNMEALER IR S 10 5/ Ao 173X SRR HY B (e vk
R GBI RIE LI S 2R GRBEATRAD BF BERSEL .

CAEBETE SRR, TR MAEDMER (ERKER. R RER.
IREER S BVEIR) IR LR R BLN IR CRATIR . /KBIR . ThsE
RABEL LA ENED , eI EEY 2 A SRR R RIAAAE KR,
BEN L RGE, B2 HRIA RN . (HRANF R SCRRIRE 1 MR SRR
ISR I REMA G DL, A R Bt RE R RIS, AR R B R RIL; A
FIRIE 2 52 PIRR B AL HE, AT AIRIE 2 32 BIRE B AR I3 R T
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W SRR I ARSI fr e — B BT S . SR, ARG T4 PR A
Y 3B ER I 78 T SR8 7 0 B RN 4L 4R 2 T b AR ELAE P AR RS, JEER TR TR Y
SR H AT REAEAE B P R4 P B 4
1.4 JHEERNESRI AR IR
1.4.1 JHRENBEE T

THISE R YRS — PR S b R AL S AT A, A EEE T A . B 3L
C-17 M Fke IR EE (B—) , B—FEA So-lHEFEE 4 0F HE & 2R A
(SR IERDO . HAT, B FEN R D2 I A SR T AN [ P (R LA 2 v 4 8
HT 70 ZFMEERNEE, DL 2,4-RIEEE S (24-epibrassinolide, EBR) + 2,8-
EHEE R W (24-epibrassinolide, HBL) LA ZE#EH R WS (brassinolide, BL) =
P22 5 Ay DL HL R FH B |87,

o

1-2 ISz A BRIK 70 1 45 # 2X
Fig.1-2 Molecular formula of brassinolide

1.4.1 jhREANEREIETRE

REVHFTEIAMIRL, WK NS (brassinosteroid, BRs) fEHY) K & 1
PR EE HENMA O o MEENEDE KRR, €25 TEinZ
MREERE, BEMR. AR 480 TR E USSR R IR S ST
FECSL, JEAh, TSR W BRIEFEIE Rl M R IR . JFTE. BRI, )5 2
HL BKE— RIR AR SRR, MO A A 5 EAT R T 3,
HI R T REAOR U 28 R FLEE . AR I A 52 3 2 Fh DR R I R 4% A, Tl = A
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e P i — AN RN, Small FFHR I, 0.1 mg/L AbERHSE 3R A BRI TRIR
FRAL BT 24 /N2 5, FORZFRBON IR S T 42%LL Eo [FFER R ILAE
FARAE T L REH B o Jesus U255 AR ST T X2 22 A TR A2 4 OR &L M 1A R i
FEFRVERT . AR B, 0.4, 0.6 F1 0.8 mM ISR 2 A B AL BE (1 4% K G RH T
JeE A PSI GG R e 4 A RCE T AR AR R A i, KEHI
R LA AR FR R B AR BN T RS AR T TERUR TR, SRR Y ER(BRs) AE 8
FEPUBTERR (ABA) X i sl /8 F AT AR BE R AW o X BT A% 3
(15> F LR LRI o BRs A2 A X5k B F BEST, HAE A S ABIS (—
ol ot 0 A5 5 i (R SR R 1) AR AR LA T AT 3: 80 ABA (& 2 B, i
SRS TR R BT, BRI Ab, B ORISR N BR e R A AR K
R B I REAE F A 2 0 7 P B AR R B Wi adt 3 50 A S A,
FHERIAEIAS), i SR E L 5 Ra0%E%E . DL AU THsE RN
P A 1 A B AT 5 F B R

UbAh, AR TR, SR N BB R AEK S KE,
HIETERPY DN & ARSI, B2 E4JE . Womi SR EY e 5 4
Pl 24 b i BB A A7), Kaya S5MSHE R AIF 7028 W I AR S 2 4 B
(brassinosteroid, BRs) AbHE, AILAHEE ABA /KT, MR T 5 Hpk A B
SO, TEEESRAE TN, WINHE R M (brassinosteroid, BRs) 37 i 1 A LAY
SEHOGE AR E L MR BIKIRES, IR PRI EEE 7y, B4R = & At i
PR PERE, AT DI R T 2 VR 1 G L 54 B RO 7 2R 1 I DR B SR A
BRs A HEAF . IXTE Li SEW N B 78 R 2 T 500E, h=E 3= N RIS 5 80
SEAE PR KB R P0G R, T R 38 S 43 U5 PR T 3R R AR 5 5 1 BnCBFS A1
BnDREB (Fiffi 5+ R BURMER SRR B PK-F i L. tah, WsEERN
P TE R AR R 8 5 T (VR AR AR 3 THESE . ZRANEHSE R Al )S , AL
Box, HRAHE T (Nat) KFRRIES, [N 4GS 1R 2 0 . IX LR
N FEAE A IR T, YGRS I (PSID HE G, ALY . 2880k
A UMBRKE TR EZERE, Chi DA R, 2 &5
(ubc32) 7 BRs 5l K #hBhia itk i 17— & A . YEAM R MARRE A
Ff# (ERAD) @12H)— G, UBC32 X Tl Fg /-4 d BRs 3214 BRI1 R Rl
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SOM, JF HAR'S ERAD AR TEIY 5RIBIE P05 (I B vh R AR . X TR 75 46
78 1 UBC32 £ BRs 15 5% 35 M N0 #h il il #E iy s 2%, it — B #ii# BR
PRSP ER Ve PR AL TR AR . SER B (BRs) IR FHAM AT LAY o5
TR S, IR OR G R = i, KSR, P ARG R . idid BRs (1)
AbER, K SRAE TG B I BE 8 GE K L TR SR, i it o IR v DR B FE 20,
142 HREABRSHBRERNEEIER

MR, AR R 5T SE ER N B 2 (R AR 0% R R S ARE R e b, H 2
MILA T, RATE R R KINEATZ AFEE —EM X R . Hwang
SESSUNHEFL 1 AMIE A AR RR B 30 SR 2 R IR 5 AR D AT R L s S
MR E, JKFE A KUM= N IR A& B R A 55 DWARF4. D11 Ml
RAVLI MR IE SE it m, AR Y e &= AR A& i, SHE
AL T AR K IR A 3 7 AR RS E A . Fu Z5B98F TEARIB R A 310
EZRES 2y R TES VST C S P S | Pl I K 7wl e
ABATT A I 2 R AR 2 AR A A v 32 B U e n M RE R R AR F, TSR A
g fs 51 S R MR F K TR R T BRI . LSRR, R
FACHT, EAE A ORISR WBR(E 516 T IR R I oK CE 2 BT,
SRR AR S R R E .

1.5 3REF

1.5.1 ¥REFHIR

H LI EAE BRI 2= AR BIR, e H AR R T T2 M)
JSEFH TR o e S 20 5 7 B AR /KP4 i v DRI SR A7 VO B B s A AR 1)
SRbe B R B BT (S 0 RNA LR, X 2 RNA 225 35 4 5 5
PRI AR DB o B SR 2H 22 (M 70 7R RS L TRAT T3 A 1 1 88 380 4 ff v 66 PR 9y 20k
O BRI PR DL S SRR OB o 6 S 4 25 1 R R A A 3RAT T e 18 4 T 3
TR ZEAN LA (0 A Tk X 2%, PR R J5 DR R 4% (0 52 24 e R 2 1, TR N TR ZE W)
PR A BRI AR PR T B (G AR A . BT, BRI
DL JURP : 28 2258 V5 I B 51 B R (Mlicroarray ) « 38 7 71 5 25 5 R (expressed
sequence tag, EST)  ZE K FRIXTEL /T (serial analysis of gene ex-pression, SAGE)+
FEFEH (Gene chip). 2 7 E /iR (differential display reverse transcription,

8
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DDRT)LL M =@ &7 (High-throughput sequencing) 451561, H:1 Ll RNA-Seq #%
AR BB )
1.5.2 RBSZEEY TGN A

EAT, s dH 2 e 2 i BV R B, W R Gi0r 28, B
Toft 1) 45 78 DA SCRE D8 A 220 AN, e i AL S 0 AR R B S (1 A € o A B e 4
FRATTRE O D IR SR A %% S5 IR 7 PE R T s 7 2 i 1) B 22 g £, REE AT S
TX B S [R] - FE AL 45 Pl A S5 A1 A 8 ey 2 P A Pl ) 1 S s A
570, AT B R s i S R R (S, JRAE 2 RIME T L [ AT Y,
RIFE R TRE: I F R 22 T B, F0ATTAT DT b 46 7 A2 R K T 1
Ui R AR, AN [R B R E R A K BRI 4K . 4iAR % Kahlau A1 Bock %)
I FLEs R, Ao S S Hh M IR (3 S AL o i R, TE S R A ERASR, R
053 A L R E SR S B 7K R & IX RS A TE e & R A TR IR L A AR
UNE AR R 2 . thoh, Fg MR T Y tfk bR R RIS %
JR ARG B () R T R A 400 6 IR EE TR aceD RS . TEARHEYI R, ek dl A ik
T RS A FIRLE],  DARAAAE 1 LRk 5 8 ZE A & 4 & B A 7 (1
[FI A0 AL, BT T 50 SR e i 32 LI A1, e s dl vl |3z 3L T
FLA MG RN, IXTE D ZERYH CA M CIRIE . EversCORIHE FL iR IE T 7R
RN ER FE BB AT T, REHOGEE R BEHEREIKP R, 1 40 AR RO i 5[]
TR RILKT B, SRR PEEVIHAU . (55 SRR A S HE
FIEACE T R, Sl AR R i) — Se AR FRA L, BAT TR
PN -8
1.5.3 ¥ REFHEEYBRERPHIRA

R E RNA P (RNA sequencing, RNA-seq) , HEsdH ZAe s W AE4A
KV BT AT HAEITE KB 38 I 2 o DL B AR R 45 A B R ) Rk A
e, RNA-seq A w5 m 2GR L R TSR 4800 A T aEk, B
LI B B AR R 5 58T, 500 P 1) B A BORARAI, e SR 2 B R Ak ok
BRIz B R B R A . HAT, R 2 U R H AR TR, R
TAEPDR P BB B R AN A AL . i B S A 1%, Shi SN 45
N TRRRRRAR S B R REPIEL T 5 A a7y T L . X AL

9
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H5REFRES SENG . FERAMM G ZRIR(TCA) org #ib. 12
. WA SRR A JFE R A AR 1 R R R IEAKP A O . FERTER
R ACE T I SR AT R S AL AT, Di SR S5O RAEM S
J SRR AE A A S o T JBR IR A P A R DR L LI Rk, IO R R
DRI IR HIREZ ILRER B 7RIS s R A A AE R R R A S oK 4
BB RARI AR A 0E 3 e ey S ATL A RO 7S 2 R R B, B PR R BRIl I S U A
JAZ3-1. JAZ9. WRKY28. ERF020 & — R MR A O K ki & =
KA BRI Yang 2065 \ I F 4 S 4H 4 AF 7 1 4R B TR 5 530 1 3k M D T
MEM, JFilid GO 5 KEGG 7348 5E i 7 H HE 22 1 B T e s R -7 DA R
YLK P E S8 N SR T R FEMIME R o UkAbh, BN SRS 777%, Pham 266
NIRRT CsCOMT19 (£5 5-2 AR A= BB B R G E R 2
HRERIE R VER, AR CsCOMT i [K SR AE Fp 45 K R B 12 i 7
FELE I T AR AL T A ME RIS R B RE, R HIERT Y R
R IEYIS A SRR E R TT AR T EORIIPE R, Ak 41 2 A L7 I
WHARAIR A B R KENE 1. BOR H AT AN EAR R R AR, JFHAR
% A B A AR B R (R S IR O 2R %, (H 2 H Al A 4 5%
T ARAE R R A G A R SRR PR A S S L I T AR /D, S8 I e s 2 2
TR R E M E EARR R, RATFQIMERE .

1.6 AIRABTKRBNEX

1.6.1 FARARE

(D BT =FEMEE ORER. OHUSIRRR NG HEXTE R
PR AR R 3R SR RCR R, DA S SE 2 A i A R 0T A R T R AR A DL
FE T RE LA IR o

(2) LA RATB, 8IS FHREE T s 28 A B AL BT IR S AT
ST AL, FEEDR KT BB MR S 3% A T a5 7 BAOR AL o 4B PR 3R ) G B
L, WIS ERISE R NS SR T AR AR R R 0 T L
1.6.2 iARBERREX

HRE e — P A E T AR BT R — Rl 7, B4 OME. R R
HHESE, NS, BRTPOE I R A R AR IR . BT, R ERTES B
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MR FUFEE L HUMOR LA S R &5 77 T R BE D R A5 3 1) 2 AT 7T SAER .
B E SRR R A R B TR = AR R LS R LR BT KCT, iE AAAR T
fefe . MmdEIVFER, M TRES 'R, SARE m e iiE
Ry FECOFrE ST R S, TFRE SRR DI REVE B LT

T ARE B i X T B R, 2 B e — RE B A i ¥4k 4500
KUL L fR3t XRPAE (AR AR, FLE TR ey i HAES, & &R 2 WA R B N
MIThREREIEYIR, HAEREREFRSETMME. R0 B AT, A RF RO tid
ST AR IR TN S IR R RO U, A A e S 2 T
BRSBTS BRFPRL R 1 AR BRAC U DL BT ST ARAR D, T ok TG S F AR
FERLH 8 R 3 1 A DR AT FE BE A& JLIE T8 . AL A S 86 DA AR ol ok 7
2000 JysEIaATRE,  E AT TT 1 ISR P RO AR R AR R R R AR T R R,
FRIE R AL 0T B I AU IR & SR 7 BB 2 B R 2 R SR 2 T LA,
IO R s & R R I AR A DL R T e Ik & BRI — g I B R k9 55 5K

bris o

11



8 W YN R R TATS'S

F2E TEEVHAZELENFATREBEEZEENENT

2.1 AIE

T 125 5 5 0 2 BB AS BSR4 drig ae . VR 9t A o IS A
Fh TR 4P IR AU SR BE I BAE %, R S ST I0E, DUEiki
WISE R E A . (B, R T RIEEEREENEM . ER TG
JAG R, BT RERRIIRE BRI R B A . T B B S AN %, pE
bEE KON KT, AT RS T R &I Re ), IR AN —
Pl R AT ARRR 3 RORFS T IR AB ) B 9 B & ML 2 —, X ARYP T
PP ASEARIRI AT T IS R, Wb T AE BSR4 R 71 R EH .

YA F RIS B R 0 R B2 AR I, = — DM EIRAEY P i,
It H A2 A Y A () B A R 4y o A AR IR KPR S BRI R ZF, X
A RES R IVEMNIG A TE R . T3 —TJ7 1R, PRARZKF I v 2 4 i R A
PRAR LA KA J A i g, FERHREN 24— S T RE AR R 3 Pl — RE PR MALSS), [
B, 2R P A TARIR AP TR A K AR B B 2 3 Y AR AR K P
A DL R A TR BB S TR, RS RIFIAERKE ). mERX AN
FErR, VSR RIEE B RTER . MBS AR PRI 0 & 2, I
TELIE MM PR TR0 R . XM B ORAE R, EKR. 6. HER
DA A B IS S . BT, RZHTRERY T e 18 @a 0ttt 2
FRYREL L A1 P ) 5 A 0 5 o T B PR IR 265 15 % A 91690, Qb 77 20t W A
Ji » T 3 I LA B2 AR PR B AR 2 R 25 2% BURR AL A, S T 0% 25 I )35 1
BLFEVER B B R SR PEEE LA SRR R, X BRI B R A R
SR T RO T2 IR SCRE T AT R 5 S CIR R I R IR W
CIGEAER TR PR MR AMN S 5 T A BEE TR R T2, 318 e 100 i) it v R 4=
FRANBRE 7 B KUY R NS 5 TR 85 R LB S 2@ 2510,
FoR A P v BRIV FH 530S 7R 8 3 AE ) & OB IR R GA PR I Rk k7
GRT T K2,

AR, WA E R SEIAER. O, MEERNBEEEAEN REYM R

12
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[ R A I 286 56 RAE S A P AR B T — B R R 50T Wit SCE R A iR
FI, 1R R SR CAME AR A KR B AR YA — 5 AR B
EHR R, X #IRZ 3 @l BT FURAE IS, R a 3 vl AE Jy IR i 2
TE S /K FEL B AN AR AP B PR MR 2B R I U4, 3L o 2 a3
B ILAZ Ak 6 R SR CeBINS, A5 2l 45 & 38 sl TR s dR B R A
Y& O AR R TR, AT SR 4% A YR PR 2R R AR s s DA SR 3R Y
BAEE SRR R AT IER . BARCTHEMMES S AFEEREBERNERCE
AT BEBFIRAE T B SCEE, AR, H R SRR TR R R TR
MR TR R WARE , BT LLOG TAE AR 5 5 AR b U o B 3 (R A LA O
E SRR R I

PRI, AR — A R B P T2 R v P8 38 0 10 - R BIR K ST 2 1 DR 1 7E & B
o TRt R AT A P S R A o BB R B B TR A ot 7 BN L 7 A I
PR A KA O, DA RO B PR 3R B FH RS M ) SRR B ) o X BE R FRAT T4 L
TR SR T AR K DA R & s SR R R IS M P T R e SRR R
RIThRETE & S PR AL HIR AR . ITIEA B, RH VRS R ZJR LSOM SR A e
= MEY R AE A RIS TR B R EAT B A AR B, B FUAE AR T B KRR
(AR R AR T DA S AR B 2 AR A
22 SWHMRERE
2.2.1 SEIEHFRL

ARSES DU 2000 (HREAFIZ) ASZIGM R, P EUR B Bt
2.2.2 SEHEI

% 2-1 BRI

Table 2-1 Experimental reagents

ERII RN Bk I

THISE 2= Y i =90.0 % BT T A AR 43 A7 BR 2 )
i v 1 =90 % (HPLC) Bl iz T AAC R A A BR 2 7
LA >90.0 % (HPLC) Bl T AR A A7 PR 2 7]
TR R >90.0 % (HPLC) BTz T AAC R A A BR 2 7
F AR IE] 24 8 A A 25 A0 PR A 7

13
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RF) 44 FA% e
Plant MT ELISA / AR AR AR

223 LR
22 LR

Table 2-2 Experimental equipment

B A4 TR GERSs I

B R JY 1002 RS E R A A A PR A

S & ] YRG-150 FilFEEAER A AR A
FAE AR LGJ-12 AL FRRE AR BR A 7]
e L FW100 KA W R A IR 2 ]
P R B 0308 BRI s R Sl A B A )
& 2 A R AR B L D3024R AEHUR I B LR A A IR 7
fiEEpRAX 1510 L FEBR R MR OGAT IRA

224 WA
22.4.1 MREREABLIE

POk i TC 105 I 2000 B RRAFRL, G R 7K e fal s o 5 72 B8 AR _E R
T RJE 1 %R E RN TN 3 15 min. SR )5 TSR /K b 3-5 i 5 iCE T
TR P TS T BB A PO e S 3R PN R VAR IRV 10h AR TR A, TR ER A BRI
VI N 0 pmol. 50 umol, 100 umol, 200 pumol. 7K &AL FE 58 1% 5 B 75 Bk
FLE TR AR T R P AT R 2, FIRHE BRI AE KL &% 24 h
WO A — B 2R 8, AR BT R G TIREVHE R K, i 80 H i f5 B T-20 °C
UKAE 25 o
2242 FREBRLE

7 BT AR EIR] 2.2.4.1, B FH TC B /KT 35 K B IR 5 B AR 1B T A R R
790 S T B 4T O R B R VR IR 10 h bR K&, BRI E 2518 0
umol. 50 umol. 100 pmol. 200 pmol. 7K A& Kb 5 il K 75 BT b B T 24 G Fl
TREFRAAP AT RS, FIRNCREE BRI A KA. R 24 h YK 3 — 3
ZFH, fELET R R TBEHE SR AR, WS BT -20 °CUKFE & .
2243 ZHIB

14
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¥ BT AL FEIR] 2.2.4.1, B FH JC B /KT 35 K B IR 5 B 1 ICE T A R R
(R4 FC B U 1 SV IRE 10 h kR Tk &, MBI HRURIVR B2 23 712 0 pmol.,
50 pmol. 100 pmol. 200 pmol. 7KA Kb 5 B # 75 BRATRL B T8 BeFp 135 772 48
AT R, [FIR R E BRI A KAG O . RS 24 h WK 3 —BUR 27 i,
L AR ETIREERR R, &7 )5 & T-20 °CUKFE & H .

2245 BERITAIA LS IRIBFRAINE

HRFHMEFRYEMR, K, IFUELREFRNRLL R EK.
2246 ERMTFBERSENNE

HREE R MR AR IS % S B 5% B 0.1 g FORHI & I S B K T
BLOEH, A 2mL 50% PSR AR EY, JFET 4 CIKENERE. R
JEHFERRE T 25 CHEFSTE B 30 min, 8000 r/min [ S AR AL i &
BLOMLP B 30 min, YA BIERE TAR S OE T IRAE. EE BIRERIE, &IF
EIEWIT 50 % AU S 2 mL, RS HREGR T T E R R K

HE KA BN E ¢ 45148 Plant MT ELISA {77 & U B rid k47, &
S AR PR FLAE IR P S B 20 min, IS B R R AL R A L. R
AESRFLA N 50 L AR EE RIARUE S o FIREARFLA N 10 L FRIUEEAS, SR)5
TN 40 pL FEAFRRER . AR5 bR dE St AL FRr A AL I 100 L BRI 4R
WG (HRP) , ERAEEME RN AL, 37 CHATHEDLHE 1 h. BUEFER, 3%
R, TETRKAR AT, BRI E eI 5 k. ARG 1A RBLAL A —
A S50 uLA 5 B, BT 37CHMHELFE 15 min. [ RFFLH A 50 uL
LAl THCE T BEAR A DU E AR HE i FL S AL OD AL, ABRYEE SR AR AR,
MR FE AR AL b s il b e il 22 0T BB SR R I &

2.2.5 BURGIT RO

PFrAtEARYE 3 HER, FRFAE EirERRIR. KA SPSS22.0 &
PEREAT R A AT Ab R s IR F Origin2018 #1742 1 B &

23 HBREGH
231 HEENEENFAETRPBRERLIENTM

Nl 2-1 i, ASRIVR BE ISR 3R AR AL B N I E RRA AR K B &
—E M7z R, 50 pmol & 100 umol 7EHT = K RS 2F B BRI 28 1 A o T
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WRPEEIE 100 pmol 2K F] 200 pmol I, JHI3E 3 P FEVA R N 2> R 3 H 0 5 R4 AR
KRN R A S — R EEDAE KR, W2V O A K
FUR B FOCBR TN, FNMZ 5E 7o R IR . EEE S Emitn
(KR B K LA o 2 P s — N B A, Tl E SRR UR S
AR S BAE T SRR M A K00 78— M BRME TS L, TSR3 A
Bt A R XHEY A B R r i A K nE o SR, I B i A S 2 A IR
FED R O fE 240 R BB FE A K B8, 200 pmol HITHSE R P ERVA R
[ Ak 3800 T R L PR AR KR B I T — S B ROR - 1 22 i T IX— R R .
AN TR FEE PRI 2 22 A VR BE RE I T 7 BT v (IR 28 SRRV R B R B, BB i
BRI BN, FHRFRLAE K B 23— BRI E R, T 2k B
INE] 200 pmol I, FERKFRLIEZF (1% & W52 B0, KB B B

NN 2-3 B, WEAAS REN, BEAE BT AROR BN AERE, TR 2
MR R IE ETHAE BN ES . S e AARKZ, 100 pmol W i
KFENBREBR MG HERFF R T, BB RAER RN EERINE KRN
19.42+0.33 ng/g, Xt (CK, 14.4240.18 ng/g) M 1.34 fi5. &1 (11.46
+0.15 ng/g) [ 1.69 fi5. HHT, KO ZNH TiR&E &AM T8~ E,
I BV 205 C & R R0 T SO b1 I A i B B3 sema 77, DAL
WA R, SR BN 5 R AR B 3R B R A B R = A — 8 M I AR
IM3X 5 Hwang USRI TS5 AL MATAIL, REAMESEER W ERAL 2L )
IKFEHAE LB HE 2 AP A R R £ 45 DWARF4., D11 Al RAVLI [k &
EiRE, KRG IR AR R R S AR R T AR
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Kl 2-1 s R N B AL B R B R R A KR

Figure 2-1 Growth of hulless barley kernels under epibrassinolide treatment

e B E R R SRR P BE A EIR 533008 0+ 50 pmol. 100 pmol LA 200 pmol.

C e

A [ JcK B ] 50umol
[ 50umol N 100 umol
89 R 200 umol

127 Y 100umol
7Y 200pumol

& R
Ny . N
. ¥ | g [P

44
24
24
T T T T 0
1d 2d 3d 4d

K cn

5d lld Zld 3d 4d 5d
KR KR
P 2-2 ANTRITHI S 3R P T Ak TG 5 T R MR AR B U 24K 32 ) R i

Fig.2-2 Effect of different epibrassinolide treatments on the length of sprouted barley radicle and

germination
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CK
50umol
100umol
200umol
20 an
bA
] B e cA
50 ;If%B dA
%D aC bBXAbB
15 bB %\ ‘BCB
I SHec
4o aa A > i’dc dC B
£ lug ) Bl
; 1 =N\B i %
%_j oz
10
5 . . . .
0d 1d 2d 3d 4d 5d
KR

] 2-3 3 2% A kb TS T RRR AR BB 2R B R
Fig. 2-3 Effect of epibrassinolide treatment on melatonin content in hulless barley

s B S ARG 7 RER R E R 3 W R IR T AR R 2 3 h 75 B4 1 o i
REEZNZEREE (p<0.05) ; KM ESHERKEFREORE R EM FACEFRET
REMEE N E L RE RS EEREE (p<0.05) .
232 CHEXFEAERPBEZSEFM

U] 2-4, AN[RIVR BE 1) £ 0 Ab B 1R R 7 B R AR A 17 10 R S 3R P T A 3
JE G SRR, (EA VR AR . AH A SR LA AE 50 pmol PA K 100 pmol ¥
FEN, ZJ@n TR v AR SV 2 (R SR ORI 2, 177 2243k P 4k 2 18
#) 200 pmol I, FHEAIE, AR A IR REL I A0 HRL T RIME I, B4
FAH T ROARE, XM REAE AR . "TREZ Y 200 pmol ¥k £ T
LA BRI VA I T R BT RS2 IR 5 K e S E, BT DAFE SRR IR B R b 3
I o0 I 2 AR PR 3G KA o AE D9 — R 2 b A 1 DU T AR Y
TR, LR R P IRIR S R M E 2R 3R . e nT DU 5 R e
BRI R REEER. BUETR) 2 A] 1 AH TLP- 4 R SE B AR IR AR R 1 5 70,
] 2 WL B 7T B, IR FH A 2 0 it 1 45 e v 2% DA R R B 2% AR LA
J A5 i R ST 00, JRATT W U5 R 3] T 20 b B R A8 IO K R YY)
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RS 2, AR BRI 2 210 23 - WL G2 75 38 1o 19 705 85 2 Bl T V8 R 1) /K 1ok
SCIL, X T ELLE P

HAT, O 7850 M0 703 B8 2 2 1 45 8 A Sl . 20k LA K S 1 7
MRIE, REWSEIAEKE. RER. RS EE. BUKRABA). M. FKH
B2 KRNI SE 3 Y G S5 R R I AR 0 ORI o3 AR UG i 81 . SR
H BT C SR 008 B R KPP A S (R T B A 4R 1 - 7E 20 b F 5
X R i AR R SR S SERSERATT AT LA, AR AR R R K AEA ]
VR EE V) LR A BN #RR I A e G0 J5 D (i 55 o 5 2 R BRI A R A AE Ak 2
JE B — R RIS LI bR, SN E RS BRI RN IE K, AR R A BT 4R T .
5% HRZAAHEL, 50 pmol R E M AL ER R 1) R 25 55— R 75 BRFFRL Al B 3R TE %54
R R, 4 16.09£0.25 ng/g, =2 FIMIXTHA (15.2740.22 ng/g) 1) 1.05 fi.
M4 HF R E AR 4. 5 RIS, ZM@FEZH (50 pmol. 100 pmol 55 200 pmol)
AR RE ZR R KPR T R 2 b o X SR B T 2 M A B 0S5 B R PR R IR T R
R, FEE SRR R a1 MO o X R RE A B TR AR 2
S SEMS R, 5 Ho SN0 4 RA BN, AR IUE &R R
JEBY B, BT RTEAR R R RIS A LIAT A, I HLAMIEAE B R ) kb B
REBEPEEE DAL E B, RR R RN A EE .
XAE T3 — e T8 2 P REAS BUAR LA AIT 7T 25 2R o N U5 AR PR 2l PR 2 0 AR
Ve RV B B IARAS, REMAELZ G AL 2, IR P AL I I A A (830,
X 55 Chen B2 A (AR 7T 45 FAH S, MATTHRIE T 20 Re g A% Ll Bk iR 2R 3R 1
EE . HILER, AR, AR R 2R R 8O
AR, MBI 2 RAE W EE, WFTREAR I RS
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2-4 ZJGALEE T R RLAE T

Fig. 2-4 Growth of hulless barley kernels under ethephon treatment

e B E R R SRR M BE A ER 53300 0+ 50 pmol. 100 pmol LA 200 pmol.

CJc
] 50umol [JcK

A K 100mo1 B [ 50pumol
7Y 200mol 7 XY 100umol

£ 200pmol
%ﬁ 6 - }4}
b

5 T %
:' 6 ;i4_ —I—ig

g
5
i it
NA N
=, =
P
9
1
/
o L= L Ez 0 W ! }
1d 2d 3d

T T T T
1d 2d 3d 4d 5d

B 2-5 AN [FITREE 2 A BT i 5 T BRIEAR SR 25K P PR R i

4d 5d

Fig. 2-5 Effect of different concentrations of ethylene treatment on the length of sprouted barley

radicle and germ
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[_]cK
50 wmol
189 100 1 mol
) R 200 1 mol
16 aB?LI‘aB bBbAaA WA
ER
%aC {» ibc cB ?E

14 %CD «c dB
b0 dB eA
~
S NS i, T
\Eﬂ 12 rcpEjact® Nw ‘}i’ dCen
HI -
=
10 -
=

8 -

6 -

0d 1d 2d 3d 4d 5d
R RE

B 2-6 SRR JEE 2.0 Ak B0k 1 75 R0 o 8 2B 26 A ) B
Fig. 2-6 Effect of different concentrations of ethylene treatment on melatonin content in
germinating barley

e B EE ARG FRERRER — LB IR TR 2 R ECh S BRA rid B o
ZIZERRE (p <0.05) : B EH KRS T RER R T BT R K 5 K5 F AR
EOMmRE PR RS EEREE (p <0.05) .
232 FREBEEMNHATRPREZRIEFLN

FEMFRAEWKER G, FR8RER T I8 R 2 4 T =2
X, ERATRSER 2 Tt RE1F BI0AE . Wk 2-7, FEBR TAERFEMIKEE 0.
50 pmol. 100 pmol BA K& 200 pmol) HIZREE R T, HRFFINE 1 RIFMh—
BHIR B 5 RIVERKAED . ARLES — RIFIE AE BRI 2 A
S RIFUREA o TAHBOR R, AN R FE 1) 75 B 3% AL B SR o6! 7 B AR T AE K
FEAET RN . 7E 50 pmol M ZREE RALEE T, HRRGH AR SR 28 1) K & R B
T ACERAE . AR YR B AR EE IS N A 100 pmol 2 200 umol B, FHER
HA R SRR BRZELTT &5 AN K W S5, 7 30 A B 1) S8 A T AR BV 2K B AR o0t HEE
FERA RN (E2-8) o FIFAER—NERISE, B8 T RS
TFTABEEE, MERHR, W — N S 3 2 Fh A 318 1 B A A2 84,
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IREEFON TR R AR R i T IR S R R (ABA) 5 3 MARIRA G
PR F1) A o A VR 6 ] Rl ZEL 2R i, 03 e AN VR 2L B Rt 3 PR 1 850 ZE AR IR 7
HH R T R PR SO P i B S AR VR 2 PR A KR AR B, TR 2 15 5 4
ABA [A1E R R SEDUX — ORI, FRATT AR 708 IS AR 11 0

FEARRE T, TATHE TAESNEIRE RN, FEFPR 2 T AR AR
MR SR, SRME 2-9, MK ERE, FREEN TR TR EE
ZINFE SRR IR, UAE 50 pmol A0FE (13.26+0.25) FEE 0 R AH A6 G
(11702028 A EMFEFIEM, BXMAR 115 A4, E@EBLT,
T IE AR R, I IRVERR R KA TR PR, X324 TR
VENTEYIRR R AR DI R I 245 503 T B SCRRBOL 28 — B 250 4
o, SRR AT, MR RN KRR A A % — e i ER], T
R, TR AE 5 SR 22 v s VAR B 3R VR A AR B A 4 A It LI 35
TR O YRR 2 R A P I E Hwang ZEB9 N ORE 7T 438 THEs2, Al
HIRIRIE | R RS 5K PR R A& R T — 2R SR R
RAYA R RE G TDC3. TSH 1l ASMTI IR IEACTFTHE R VM. ER
IR AL 2, FRA TSR] T AESNE AR 2 MM T, AR A AR B AR
0 KIS AR ARG I, 1 B R ZE I 1R A3 0, X — I RT3 s — B AR,
XX W] e F T AN [ A0 A 2 T F 222 S PR BT S 30

2-7 FREEFR AN FRRFPRLAE KR

Fig. 2-7 Growth of barley kernels under gibberellin treatment

e B E R R SRR P BE A EIR 533008 04 50 pmol. 100 pmol LA 200 pmol.
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A [ 50umol B
77 Y 100pmol 12 7
i 7Y 200umol

67 10 ?

JRARACEE em
N
WEHKSE cm

[ Jcx
[ 50umol
N 100pmol
200umol

1 EF% 27 f % 1?%
0 1—1—%@7 ! (R === |
1d 2d 1d 2

T T T
3d 4d 5d 3d 4d 5d

R R KR
P 2-8 ANIRIVR B2 75 5 21 AL BILX 11 R 75 PRIV A I 2 K BE FR) S
Fig. 2-8 Effect of different concentrations of gibberellin treatments on the length of sprouted

barley radicle and germination

CK
50umol
100pumol
200pumol
16 1 aA aA
+ bci“B aC bATA
BbB ]T‘ ?T\( cB, C_‘é
% bC bB
14 J} depreB

QD eA }/7 i

2 1P

=

Eﬂ 12 B} [eBeB

m -

4 H {;

Hﬁg ]

10

8 -
6 T T . T T
0d 1d 2d 3d 4d 5d

REFERE

B 2-9 ANRIRFEE 7% B 21 A0 BHUX 1A R 75 B P B SR K 2 R
Fig. 2-9 Effect of different concentrations of gibberellin treatments on melatonin content in
sprouted barley
T B S A RNG FRERORAE R — AR B R IR N AR REh F R i AR R K
BZEWEREE (p <0.05) ; EPEHNKE T RERRE R EAEM R ZERECT AR

RERERCHPREBERGEERLEE (p <0.05) .
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2.4 KEING

RERF T ZMAFEHEYBEEME RN SRERUAL LGN INELET,
B R BRI A KA 0 DA R B 3 B . 5 R

LSRR AR 7% 3 AR IR AEAN IR AR BE T %o 75 B 40 v R AR KA DL 1 5
M 2 AN 5] (15 50 pmol BA & 100 pmol FIVR B RERE B A2 1t 5 R4 1 IR AR DA K
ZEMEK, TAE 200 pmol ¥R FE T M & RILH X HF RGN A K MBIER; 0%
RO HVEH S SE 2= A BB L, HRINIIKEE N (50 pmol 55 100 pmol) T
HNIEAL B RS (R it RRAH AR, (REBEIEAR SR IR &« 175 8 AN F] i
KRNI SHREZR, RAIE 50 umol AYMKEE N LI H X H L i AR K I e dtAE
100 umol £ 200 pmol U <= I H I HIAE FH

2. ZFMEYIEERIALEER, MESER N B T ARG PR R R R R U
U, R85 = RIIEFER K, A 19.42+0.33 ng/g, FEXHIE4 (CK, 14.42+0.18 ng/g)
1) 1.34 f5. ZfT (11.46+0.15ng/g) [ 1.69 5. 7E 50 umol ¥R & [1) 2. ) b BE
THRER - RERYE PR B RESHAPRIMEK, N 16.09+0.25ng/g, &
[F 0T R ZH (15.27£0.22 ng/g) 1 1.05 £%; 1E 50 umol 7R84 H (13.26+0.25)
TE O RIAHEO A (11.70 £0.28) X F RGBT 4R MR 1A 8 RS SEH,
AU 115 5 /e B R RKE, LM ERERNESERYE
Hh R B 2 AR I RIS AN T SR 2R A B
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£ 3 8 NFRBRENEEX L FREER IR

3.1 AiS

WSV, 2 R L RES G I 4 b 18 5 1 52 BT TR ORI 503« A4 i
REE—MW LB ZMARKEIISTE, I HH0 B E TR LG AR
87, HRRAE N — s S OUEH S SR UME S R AL B, B RR S RE X R
Fh-Fr Ry . AT 20 LR FERR B E 7R N B D RS P ot e A B 3 s
M o

HAl, WXZREAN (BRs) ) ZiRkEEEDPIEHEELENEN, o
BRs TEFE 5120 A6 50511 77 TR FHISST 6 B B T oK 4 v A= B AE AL AT 5L
I ORIP A Y, FE S i W T S ME 7 T I ORIV E P, FE3R T BL S $h M 77
T A OV L R AR P 77 8 3 4 v T AR T MR A U7 T iR 5555 b4k BRs XY
THEMAKKEWIEEER S 2] TR ZHFUEY . T BRs XTI #EEY)
T Re I A 0T B A DG LA A R . B FE R B BRs fEME A E F5 5B 43 A0
PR TR AR FH 21, X 3R B BRs BLVFXAHE H I E TR R A EE
BRER . MR, RE%FHMIE T BRs X TR IR ARG A E BE 1
Wi, JEL A YL O2EE AR R 58 R BRI S 3R P T e 6 R 19 7K ARE 4l e b () — SR D R
WA  ATVE PR EE B LSS il B I AR R, A — Se g v M G S S
A DL S S B D) SRk o AR HUIRIR I AE /)5 Qian Z83IHISR R
PR T E R A 2B T VR S R I A i it =2 2R Y TR RE % RS MDA X s i
R AT S . AR N4 D IR Z B FTRIE 1l 3= N R A A= K DL A i
FE P R BIVEF , AH 2 0TIt > 2% PN TR 0] SR 5 75 R o 10 28 BRAC T A A 4k
18,

PRI A F AT 58 A/ M T 51 21 P i Ak B0 17 T AR R — LB T R T 1k 0 RS
RIEA R R N BB T, SRR B-H R y- 2 B TR &,
SVTEHR TR AR P I S Y AR A R AR
32 LWHMBERE

7] 2.2.1,

25



8 W YN R R TATS'S

3.2.1 SRR

* 3-1 SEEGFT)

Table 3-1 Experimental reagents

I3

744 7R g
T ZR A iR =90.0 %
SCHEVERD PSRV N
HLHEEH FKA
AT 7 BR
i AR
R, JoK AR
DIZTELE:0 AR
iR, JuK AR
HR AR
il £ AR
fit AR
AN AR
=R AR
LI 2R A, —K AR
2R 2R AR
PLANT B-GLUCANS ELISA KIT /
PLANT GABA ELISA KIT /

BTz T AR AR S5 B 4 A R )
Blr T A AR B A A PR 22 7]
BTz T AE AR S5 B 4 A IR )
[ 255 B A G A R A 7
[ 25 SR A A 2 A IR A WD
[ 255 B A G A R A 7
[ 25 SR A A 2l A IR A WD
[ 255 B A G A R A 7
[ 25 SR A A 2l A IR A WD
[ 255 B A G A R A 7
[ 25 SR A A 2l A IR A WD
[ 255 B A G A R A 7
[ 25 SR A A 2l A IR A WD
[ 255 B A G A R A 7
[ 25 SR A A 2l A IR A R
EIF AV REAT IR 2 7
E AL AR AT PR 24 7]

3.2.2 SLEEE RS

R 32 LR

Table 3-2 Experimental equipment

P& EA N LR I

BT R JY1002 R R A AR A IR A T
TR 2R A YRG-150 Fip AR RS A IR AT
HA RN LGJ-12 JEF AR A BR A 7
R L FW100 R T R AR A AT PR A 7]

26



8 W YN R R TATS'S

B 44K R e
R P T R A 030S PRIIT v A Sk A R A ]
o 20 A R B R B 0L D3024R JEHRIE B SLBAL A5 A BR =]
fiEEpRAX 1510 EHEFEBR R KA A IR A 7
AN OB UV-520 Fig TR A PR
pH it SX-610 i =AEER)

323 KWHE
3.2.3.1 HKEAELIE

THSE 2R P BRI B 7 BRI 2.2.4.1
3.2.32 HmiRAHRE

-1 HE L I GABA St 2 X [A] 2.2.4.6
3232 ZHEEMEEHENSENE

AR BV S5 SRR ER (I E 2% 04 T/QAS 076-2022 [ FRHEEAT I E,
K F R A2 € 1 B AR P LS VE R ) & . 1 JB 1% IE T/QAS 076-2022 H
B b v 2 1) ELREVE B 5 S B SRR IO AR HE B2, AR BORE S 1.0 mL FF IR TR
PN 25 mL AR e, o AR R B O 5 DR R E
Mo FEEMHIA 15 mL 467K, FFEA 0.1 mol/L ERERE WK pH 15 & 3.0,
SRIE TEIRE S I E M I 0.75 mL B, 2% 3 SO R AN I . SR JE K PN
P BRIV A B A 25 mL R, K bebt Rk BEw 3 )5, # sk
W— I EMN R R, BEIKRBREZE, HFEAES. HE 5Smin
J5 53 WIHE 624 nm. 425 nm KA E EEEER ROGE, fE 536 nm. 750 nm
KL TE SCHEVER G, o AR IR O T AL 1) 22 B3 o e i 26 T B0 A i o
EBEER DU SRR I A i, A 2 R RIER S R
3233 BREEIEERNE

L BB (R E 2 HE AR T RIS NI T IR AR B . A 3.2.3.2 K
fIRER A 0.5 mL Ji5, BEJE RS 2 mL 4K 0.3 mLS % VA ER SN IA TR
H. WETEHE 6 Bl BEEIAN 0.3 ZTt 10 %IRRT, FREE 6 2%,
AN 2 mL R FE Y 1 mol/L MEEMNE, SRS IRE MR IS 10 74,
SR 5 S B 2R A 93 Y 6 FETHAE 510 nm AbIIEEIR G IE . DL T IR AR AL KR,
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WG N AIA s 25 Hhl B FH 286 T SRR ot P B B R 1) 25 2
3.2.3.4 BEAEERNE

BB B IE S % ShenlO%5 N 772 BEAE B 20, SR G B AT E
AUV 0.2 mL ARSI 1 mL AgAR-Ba71) AL 0.5 mL7% kIR EAVA R . IF
F =R N E 30 min, SRJGTE 765 nm AL EFE S IOCEM, DR TR
WRFEREAAAR, WROGAE AN AL FR 22 bR v it B T H SRR i S B 1) 5
3235 p-AREAIERNE

T, IEL 3.2.3.2 FR G, 48 J5 i3 PLANT B-GLUCANS ELISA KIT iR
TR A ot v B SR 2 . 4RAE D R AR R S U W B TR AT, A
PR SR P AR WA A AR 22 b v il 28 1 SR o - SRR

323.6 v -"ETEE (GABA) REHINE

FAE LR 3.2.3.5, #id PLANT GABA ELISA KIT 327 & kil & # i
GABA I8 &, BRAE IR 4% MO0 S U B S BTk AT, DARRE St ik i A
Wy WROGAE A bR 22 AR A T 26 T H SR GABA I &
3.2.3.7 AZE (MDA) S=2/IME

B R E R % (MDA £ & (152 R A AR B bL Z R vt AT I sE 7
BRI R R T 2 g BT, NN 2 mLS % =S ORISR T S
FNBEOE, A5G 3 mLS % =R SRR BRI R AR B B 0 b 5]
FAE 3000 r/min & 3 H AR B B O 20 10 min, AR EL RIS 2 mL
I 2 mL0.6 Y%A L Z Vi, #82) JE AE kK T 8L 15 min 5 &80, B E
JEWE] 532 nm. 600 nm L& 450 nm AW E WO EEAA, JRRREE A Xt R H PR H
1 MDA [ & & .
324 BIEE 7R

IR E 3 HER, RUCFME EhaEZERR. KA SPSS22.0 #
PEREAT B 0T AL R, FEH Origin2018 B E T 41 B %
33 ZRG5SH
33.1 RENAEN L ERT B -ARES EMNFN

B M S — M I AFLE T W — P A A E R B ) VA IR R 4T

28



8 W YN R R TATS'S

UEWIO8, I EAT R R ERAR M R DA S 2R S M, B A8 A A T R A R
ZH P AR 3 Tok T P8 P SR e A P T A A B 3 6 0 P RSO B, 3 %o kD 48 I
MW S N E A G BB 00, FEAR I T b, ] 3-1 RATRE M SR R, 1B
RRA 2P AE & I A 2 5 b B2 w5 R4 e A R A B SR KA 2 —
KikFFem, HAAE 100 pmol fIFMEIMSE 2 M BEALFEAEH T, B-Hi SRAE N & &
BB K, A 13.0710.16 png/g, HETIEHLES 1.88 pg/g 7iti. SRGHEHE K2
I TR A RE K, T BRA T Hh B- i W 1) & BT AR R TX, s S5 R A
FERENS R B-H SR B A 8, R ERM LN AT, Wil gAH sy,
FRATIAE 7SR N BEAX — B . X5 Al-Ansi ZE00 R TEARAL, A AT
W TAEG R AL AR, B R BE IR T 2o T . T T Re 5 K 2 i
Y v — S P BT 3 B0 A P R R R T BRI A ORUON A R 2
BAVR AL S N B AL J5 B 7 B - SR O A A B 2 13T
It HBEE R BT IE K, B S B R E A 8 T — e & . Hil, A
SIS 2% P T R T AL 24 i B SR (T A R0, FRATTRE DX AT g S e R
PR — e . TRBERG AR AT 5. AT MEEENONRT AL T /E Nacl e T,
SR FR A TR I JRR A 1 R AR SRR PR (R R, A5 T AR S 3R N R IR AL BE RE A8 2
FIB-1,3- M RAEBG S MRS MRS58, IX VR /2 BRs AENS 52 5 7 A RL b B- 7 SR
2 B DL R G b i R 7 R B- 1 SR A A (R AL
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l cK
I 50mol
13 ____] 100pumol
% __|200pmol
& 12 -
e, i ;
- 1
4o 114
"
ik
*ﬁﬁ 10
[em R
9 -
8 = =T = = = T T
0d 1d 2d 3d 4d 5d 6d
R RE

B 3-1 R [R5 S35 25 A T ALk B 42 75 0 o - B 5 R 0 S
Fig. 3-1 Effect of different concentrations of brassinolide treatments on B-glucan content in
sprouted barley

332 HNEABEXIHA FRP GABA 2RI

TEARTFT M, BATHETL T AMIEMSE 3 N BR AL B0 5 K 5 B GABA & &
AR, S5 RANE 3-2 Fin. BEE RGN EEK, HET GABA Y&
TG LT, H 200pmol WK EE T s 3 W ERAL PRI e i, #E55 5 KIF GABA
BERIEAK, N 16.80£0.30ug/g, BRI T 2.34pg/g. WAL FERENS AT
MR E R 4 GABA & . MFFREY, X—idfEd GABA & =K%
MEBERBARME (GAD) MMIEAEHVINKSR, GAD RRMLEM T Kid 2
Mok I AR A A7 GABAI . JH13E 3 Y S 6 A4 1 AR KA 1 FH LA B A
AR TR QA3 30 1T 2 AR, 11 B A MRS R N R T
GABA 2 B T 70018 A TR - Nejad 25004058 13 St % 31, BRs B TRALBE B %
25 O T NS TE BRI I8 R B2 B RISZ ), o HLsR&h i GABA 5
BT BENRT. BEBE GABA HIRTAYIF, XulSIw Fi s 1R, i
KRN 2 57 S/ ARG RN AEY IR G, X WV 2 H AT Re 98 R s
MR NIRRT H R H GABA & EREEAF 2 $E I — DiES -
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I cx
. I 50umol
[ 100umol
18 [ 120umol
16
L0
ol
=
g 14
4
<
2
12
)
10
8 - L
0d 1d 2d 3d 4d 5d

R RE
B 32 R [V B I3 25 P I A B R 5 2 75 R GABA. 7 B (95
Fig. 3-2 Effect of different concentrations of brassinolide treatments on GABA content in
germinating barley

333 HRENEENAAERP AR ENZ

B 3-3 OR33PI ARG B R T R R B A R 5
R, BT B 5 B T BRI A I 1R] PR RE ST AT N, $1 5 R B )
Ko itk FoRE, 50 pmol LA K 100 pmol #MJEH 3% 2% 4 s e Ih Lt 7 A & 5 R
SRR R, 10200 pmol X HAEHRCRA KR . e, L 100 pmol #MJsiHH
SKE R LB R AHA R AR, R S RA B sk, N 8.3310.18 mg/g, 2T
B KA EEZH (4.684+0.24 mg/g, CKD 1) 1.78 5. WM EW R —KEEEHE
ZRAYE, HAFBAALE T S Sy b e R, Hirto S Kk 2k
9000 Fh LA b . SEERIEIL SRR A . AW RS T EA S
(RIZhEE, Q448 Sk« VA 516 (0 B EEL L 8 55 o R0 AR EL A% P DA e 4 9 ) 2006,
UL, B AU R ISR 3R N T TR 4 s B SR S AR & I R A B
IR AR U0, PNFEAE SNSRI FO R B, R AS [ 81 265 SR S it FH AU 24-3R 313
AR G, A R SR I B A LR ) B R T 37.9 %: Zheng
SN0 A DA BIAH LT S A5 1, AT R ISR S 2 A B X A R RS I 2
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ALY & S i S A ST R R IK KT, AT SRAE HE K R 24 s B SR AL & 4
IR .

I cK
10 I 50umol
I 100umol
] [ ]200umol
8 =
w
~o
oo
= 6+
I
U
%
& 1]
1
3d 4d 5d 6d 7d

REFRE
P 3-3 AN [ AR 2 Tl Sk 3% A T A BEOGS B A 75 B v s SR 5 B 5
Fig. 3-3 Effect of different concentrations of brassinolide treatments on total flavonoid content in

sprouted barley

334 HMXRENENHFLFTRDSHEENTM

TS ER AR A E BR P S & RS an 18] 3-4, 71 3.4.3 U T P AS
B TARRL, BEE B BFFRL AR, RS AR B S = 2T
wJa N . AR T BEOE B K AL B SR R, MRS 3R A B ) A B R
fE— R ERSE R B IR R, REEILIEAE 50 pmol FRIHISE 3 A TiEAb
TR, WK PRIE S FORIS R BB i) & ik 2.88+0.10 mg/g, AN HRZH IR T
0.31 mg/g 72 . ByZRW = FT A HEY B A7 AR 1 OCEACE T 1, e B R
H. RHEIKHTA AR AT A . K & SRR T SRR N BRI
TR A A FRARUI R A A 0 — R R 1 70, R LA AR R ) e S I 2
0 5 AR R A0 R 22 9 8 IR D10, Wl YR AR AT TR BIE 7T R R B T TSR R P R AL R
RERE W & 4 R JE R AT S8 v s B 1 2 8 A R B P o T Xue S8R B 9 36
W7 AR S 3 N G AR FEAE B 4 i 2 P Ry A B L T S B0X — LR
JEIA, AT RE SRS 2R P RE IS (R — S S AR T S I R R I R IE 6
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I K

I 501mol
I 100pmol
[ ]200umol

3.0

& & meg/g

1.5

3d 4d 5d 6d 7d

REFRE
B 3-4 ASIRIUR P S8 25 PA) i A BELGT B % 5 R rh s By B IR S

Fig. 3-4 Effect of different concentrations of brassinolide treatments on total phenol content in
sprouted barley
3.3.5 HRENEENFLA TR ZIEM S 20T
T ARAR TR A RENS 2. 25 U Ve Ry O 45 . BRALAE ot DL KR AR 30,

TEARRBIBE A R, B S BRI A T e, BLAEEN 5 R EMIE S &
HIAfl BRI T AR RS . HE R BRI, WA SEEEEN SR
ANWR B, IXAERT R DL MR SE 3R Y B AC B2 A AR I T X R . TR T
SCHEVERS, Yo IR AL AN S 2 N R AL B A A ST B TE R I A B AR R B S BT
TReMES . MEMEENR, EEFER S CREmn S22t fEd, S
KR ABEACHE N BB R4 A, ek I R fE S 2] 7 —E MSE, JG
FRTE 200 pmol NRIVBER BT, X Ui B T /M MISE F MR AR 7E 5 BREA il
FEr, —E R BB AL S e I E A . X5 Guo MR 7t 45 R
FEAL, AATTZE XS T 22 25 A BR(BR)XT BR 22 T8 AN K & R4 F Mt 70 R B, 41
VR SE 2 A R AL PR RE S [ I BMA (B-TERIEE) DK ISA J [ (1) 2 1 ok FEARTE
[ 22 ZERE R 0 AR E D o SRT, A B a i, e R N SR
LS BMA {55 RN IECHE U K5 70 Bl SRR A i 2ty >R () = T 11T,
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Fig. 3-5 Effect of different concentrations of brassinolide treatment on the content of

straight-chain starch in sprouted barley

Il cK
B 50 1mol
500 I 100 pmol
[ 200 umol
400
&0
o
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g
i
4T 500 4
R
i
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R
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100 - -
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REHFERE

B 3-6 AN IR L ik =1 3% P IR A BEOGS 1 7R PP SCBEBE o 35 B S i
Fig. 3-6 Effect of different concentrations of brassinolide treatment on branched-chain starch

content in sprouted barley

3.3.6 HEEABEXN AL ERYR_E (MDA) S=/I%
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TN AR — P 22 AN i BT S A DA R AR AR DU I R AR B 7=, Rk
R AE BRI AE bR B2 — o MIEPITE R B I REE a2 i, HAR N2
PEBEE AR A EAGAE R, T MDA W R85 [ X — I FE B 550161, 7E AR K (1 AfF
Forp, JATTILE 2 B T BRFRLE AR BRI 3En, AR MDA 1) & &8 T =
Fp-FAERA R AR 2, T S AR G A 38 31 (1 38 n DL PR B IR 36 1) 5 i
2= SEUEAR A E AR G5, S B0EY h MDA & 2 13m0, A
WEFL, BATVRITE SN 2= N BRI AT, FHRRS) i MDA FI& &
Pt 355 ) ) R S T 3mSR T AR T X R A, L B 0 s I, X BV U
TR ST B R B R AR 2 o MDA (R385 0 sl R 5 1 A e
HEAH . Shul''SIF AHRE T3 3 Al 7E NaCl [Pl P ffeE &K Na+Fd
2. WEREE. MDA & &, PUEbBiE AR IEM R 2 5 LI 5L (DEGs) )
SO, RIS ER A T R AR AR A TE, DL FEAIC MDA 2895 1) &5 f oK
2% fif NaCl; #tAh, Ahammed!" M #3815t FH I 5 22 9 R T BARR AR A —
(MDA) & & DL /KRG N i i . Bt R, A S 3= N ERRENS — e 12 %
- BH Ak T BRI R A R R 2 b I R U, SR IR T R SRR

I cK
B 501mol
100pmol
200umol
0.7 !
==
B
0.6
o0
0.5 =
1 i
il 0.4
41 -
<< ] E3
S
=
0.3
0.2
0.1- —-
1d 2d 3d 4d 5d 6d 7d
KRR

Bl 3-7 AN[RIAR FE HI = 3% A T Ak BT i R T AR v TR I B TR S e
Fig. 3-7 Effect of different concentrations of brassinolide treatment on malondialdehyde content in

sprouting barley
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3.4 KB
AFEWFF T AEARFHE R N ERAW 0+ 50 umol. 100 pmol LA & 200 umol F)

WEET, X ERRL i — LD REM T KR, 25 SRR AN S 3 PA) T Ak 2 0o
FRETB-HI R, - TR, M. MEER. SUEH LU T T

TR . AMNEIHSE R N ERTE 100 pmol WK E R RERS (2 1k BRI I 7E 5 — KA B-
HRPESEERIRA, N 13.0720.16 ng/g, FHEXTIRANE R 1.88 pg/g 24 Xt
B R FRAI 1 GABA & AR R A — & IR, 7E 200 pmol WK FH R
B R 5 RIS EEA, N 16.8010.30 ng/g, METHEIET T 2.34 pg/g: 4ME
TS K TS AR EET T 8 R R T R A R TR (R R B — e R E
S IAE 100 pmol Y B AL FR R B8 7N R A B I & A Bk, 4 8.33£0.18 my/g,
R KAFRA (4.68+0.24 mg/g, CKD M 1.78 1% LL K AE 50 umol F JFE Ab 78
N, RS HORET AN RS )& ik i KON 2.881+0.10 mg/g, AHECHHRZAFETF 0.31
mg/g FiATs IR, SRR PI BRI AL B B R R B SR S S R R 1 =
HA—ERIEM, RIUATE 200 pmol i 5 R B - L4 24 i B e M5 S04
VEM I R AR T s EAh, SIS 2% P 6 B 0% 2 I HE 6 7 BROR R TE B R R A
N EERANEIER, RE— e FE A R T BRE B R AR R 1 IR o R
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£ 4T SNHRENESNEREEZERNERESI N

41 AIS

SR 2 R FR O FURR T I — ThRBIRAS T 4 M AT B8 7= HH I BT 8 =0 i JLAT
XT3 B FRATT R A A KR B LR DL R 59 1R R AR LR b R 3 AR
Flo W14, B 4L 3 B )5 7:—RNA-seq FEA8H R BUSE & 38R KLU
PREF R AER Y S IR T )2 (K S 1 e

Fe R AR TN AR ZH0E, a0 Shil B, MThil
AN THRRR R A 2 5 AR EEBOKE SR =RER(TCA)/org 14
B, BRI SR, AR JFUR VR AR AT 0 3 D el B 2R A R v 1 5%
KEMHTEE . PFENE: Cao SEIE IR A7, R TLE B2 28 A 3 i 3
T I IR AN LR 2 R S T s R R GRS SR B 18 TR R
BEXTE FEY R A SCRI R s Hu Z502205@ i B s 42, H7R 1 R B SR 7R TR T TN
FF A KR B AR RN B 4 R i . DL BRI T, B R —F
BRI T, TEFE SR AR R R I A B F 5 TR T B

A EE SR RNA-seq HIE AR 71k, X =HFA BR, C. S #TH %
T, EET =M A2 FRIEERE, FREINEMEENEER T, &5
gy vh 1R B R A B E RIS L A
42 MRI5REE
4.2.1 SEIEHFRL

7] 2.2.1,
422 KW

ARG R R N EATRL, 76 100 pmol ¥ FE A3 & N BRI IE A 10 h
JEHEAT B R SRR, LLIC BR 7K AL BE DL R BT RLAE s HE o WCE sz 2 55 o0 i 2 2
SR ZE T DL CE BRI S J5 SR S A SR IO M k) o SCIORE AR, ST RITBON
WERATR, AT -80°CokAf T T /5 820 5 b . ISER M ERALTE . X T B K
S BRUL S E BRI i ARIC N BRY Cy S
4.2.3 RNA $ZEVFISC M
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HMFEAK ] CTAB-PBIOZOL HEAT#R LA DNA. $2EURI)EH) RNA N
A 50 uL DEPC AbBRiE 7K #E . BEfS, 1 Qubit ZéGE A Qsepd00 1
WEAEY BT OO & RNA 347 7 % e fe &,

mRNA MR AL TP ER: 1. FIHEZAEY RS mRNA #R
WH polyA EILEHISME, it Oligo(dT)Hik &M A polyA B mRNA;
2. REHALER) mRNA 7R 2S00 BT v BRGE i a i FrBG: 34 A
BEHLS RAR S M) S R —4E cDNA; 4. & —4F cDNA (BERR R
i THEARNY, i dUTP 8% dTTP, f## cDNA 5 —#; 5. #4705
FJEHE (Adapter Ligation) , 358 UG #E4T DNA BAZRAALAN F Bk £, 3K
19 250-350bp AT BUVISCRE ;s 64 RS Y)EET PCR §71, JFERAEH]
DNA TERAALY 87740, ] Nuclear Free Water JM#“4; 7. IEVIB 5
5, SefE A Qubit P0G E EACHEATIR SR, BESfEAH Qsep400 fEril &AW
Fi BT AGEAT F BOK/MEE ;- 84 K PCR FRAFAIXUEE DNA SCPEREAT B 5N
RAbEE, 32| HEEIR DNA SCFE; 9. S SCFE BALATH phi29 #4747 14, i
J—AN5rF 300 ZAFE UL DNA 49°K3R(DNB), ¥ DNB hn# sl 7.8 5,
fE BGI ¥ & Lt AT Fe o A0l e 0 d e sQa 4e Al AR I EOR 22 =] 58 ik
42.4 EHUNF

REFE b BEAS G A% S 0 A [R] SCPE 44 MG 0K B2 B H bR T WL & 1 75 3K
pooling JG#E4T Tlumina M, F7=4 150bp ECXF A dm i . W 103 A J7
RLA AT (Sequencing by Synthesis) o ZEIF ] flow cell HANA Y Ffi 5%
JEhRICH dNTP. DNA G HE ARSI atAT o1, e — AN 3 AR i B
AMEERT, BRI — AR EFRIC I ANTP mlh BEREBCE AR 198G, I A3
AR IO GG T, @ T ENR ARG T A I PP g, AT SRAS A0 B
WFFIER.
43 BREABIESIT S5
4.3.1 BIERIE

A H fastp X BRAAEAREATIEIE, FE LR HEL (adapter) [ reads; 41T
— ¥ reads 1 N & &L 1% reads BAEEE 10 %I, 2RI paired reads; 4
AE—F reads H&A FUEFE (Q <20) FHIEE L %% reads TFE 50%
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B, ZFRIE paired reads. J5Z:FTA M52 T clean reads.
4.3.2 BEFRAE R I

{8 H Trinity X clean reads BEATHE AR, IH Corset Xf MG F %
AT B2 TUA SR 8 H TransDecoder % Trinity 2H 15 i) # ¢ A #E 4T CDS
T, 13 BN AN B B IE R 5 .
433 NEEFRBKFHITERS

BT OIS RO F BES (FPKMD 2 H RS R IS T 36 DR 16K P i
B, AU DL FPKM N BRI R IA 4R FR . fH] RSEM T LA
ke, REMRIEREFAKE AR AMN FPKM. FPKM tH5E A 20
e

mapped fragments of transcript
FPKM bped ag P

" Total Count of mapped fragments (Millions)xLength of transcript (kb)
43.4 ERERBTHER S

ST REA M A EE A DESeq2 #4720 22 18] i) 22 57 238 70 B O 3145
PN W24 2 IR 22 S Rk FE R 4E . {8 Benjamini & Hochberg 777545 IE
P . KIEJEK P AERLL [log2foldchange| 150N 27 RIAMEIE . 272K
[ %% 26~ [log2Fold Change| = 1, H. FDR <0.05.

it GO M KEGG &7t % € Z R R E W Ti6e, A H WGCNA #E4T N
R R LR AR N 2% 3 BT, K RIS A AR 7] ) 2 D) SR SR 3 A ) (R e 2 o
4.3.5 BHEAIE

f# FHl Excel2016 X404 #4740 HE, 4 F SPSS22.0 #E47 75 Z 4347, LA P {#<0.05
NESF R FEIIbRHE, (FF Origin2018 £y 1. % L2 K05 1) kb 38 K 25 B ¥4 7 30 4
R = F & E5emk.

44 ER5HMH
4.4.1 FHRENFRETH SERER I

XoF B R RRG T E ISR R W ERIA VR (100 pmol) ARFR . JE TR K& HE AR 2 DL K.
TEATAR Kb B F 75 RFAT 7 04755 S L P o 78 285 IR A 4 ok g Il PRt R A
GC ZRAMKAG, FEELLIHTEHN clean reads. W1 FRFTR, ELT
B, A= MERESR 3 ARG IS 74.09Gb (1 Clean Data, %1

¥ Clean Data #J7E 7Gb LA F. Q20 HfidL i 20 ELAE 98.04 UL F, Q30 #d H 4
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FLAE 94.46 DL E . GC FEMEIT 55.03 %. LL_EFRBH 11X =20 5 )5 S5 40 ) s 45
RFFEER, eI T Ge—22 10T,
F 4-1 FHRRRLEE T4 VRS Giit

Table 4-1 Statistics of transcriptome sequencing assessment of barley kernels

Raw Clean Clean Error Rate GC Content
Sample Q20(%) Q30(%)
Reads Reads Base(G) (%) (%)
BR-1 52903730 49955916 7.49 0.01 98.36 95.39 55.47
BR-2 70654166 67140896 10.07 0.01 98.56 95.93 55.45
BR-3 61450992 58215438 8.73 0.01 98.51 95.75 55.56
C-1 58978472 54761510 8.21 0.01 98.44 95.62 55.4
C-2 55729376 51590116 7.74 0.01 98.04 94.46 55.45
C-3 49794548 46850750 7.03 0.01 98.37 95.37 55.4
S-1 63441004 59077154 8.86 0.01 98.24 95.14 55.03
S-2 55975890 52535660 7.88 0.01 98.29 95.24 54.66
S-3 58193530 53866672 8.08 0.01 98.28 95.25 55.06

442 BEERIKEENH

W TR =AM (BR. C. S) HArAERK) FPKM H )5, 2l H %R
BEMALEU SRR EESAMAE (F4-1 . 41 AT, ERgBRRAE
REIRE S YRR RRRE #1258 FPKM B0l . B 42 B 1, REGET
2R AR A F A, #ZR b f AR AR R AR i FPKM IR0 4, )
PAFRF MR . B EEIATLUE H, = AN PR 2 PSP AT B R 1 Rk /K P A
[Fl— K P2 B REAARL, T =R (R R R A B R — R
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Kl 4-1 BRRERFREEHLE (A SERFREEZLZHME (B)
Fig. 4-1 Box line plot of gene expression (A) vs. density distribution of gene expression (B)
443 H@EXMSTRERT T
B2 R A SN 43 B e — Pl AR R 2 TR 2 % R SR AN ] ) — P G it
Jid, WA REECKER T2 R B A E GV . T BR. C AT S =40
K&, [\ 2 (8 ) B2 R RBUAAE 0.97 AL, AW v B bR (]
AR R E, XU T =205 BRORRL A, S ZH R o 1 58t &5 RO PT 5
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FERATHT (PCAD T LB SN AN REA 2 (8] AR o S SR AR ) 2
TRAE— T, T2 Ut B I JUAMRE AR 2 18] (R KB AL 15 o AR 4002 B A2 A B SR AE— i,
VAL P B PR o KR 1 (AR T A T R R T (PCA) AT
WEEIR, UL R A IRE RS A AL AN 2 5 . BRI, SRS PCA US4 2
(e AR AT 0N, FTDMBAF RIS B =HAE R (BR. C. S) ZIAIMZE 5.
W 43 s, SB— R 9 MEMA T B, S 4 BR. CHEEH, W
BN 53.77 % B FMH 9 MRS T T =41, WI{ERE0Y 13.35 %. BR.
C IS ZLHRE MBI IR 43 BT = AN X3, F HL 3 LHRE i 1 A 2 B O A R
2P 2 AN, SRR AR O R TR . X R T I SR 3 P TR A X RO R
Hh G SR A R R o

B 4-2 =4I R ARER 75 BRFFRLES S A AR S 20 M

Fig. 4-2 Correlation analysis of barley seed transcript samples from three different treatment

groups
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2D PCA Plot

1004

Group

PC2 (13.35%)
w

® BR

-1004

-2;'.\0 . Ei 2i‘JO
PC1 (53.77%)

Kl 4-3 =LA A AL 3R 75 BRI SRR AR 1) 32 B 0 A
Fig. 4-3 Principal component analysis of transcript samples from three groups of barley kernels
with different treatments
444 EEIhEEER
{81 FH DIAMOND BLASTX $ 1K 5% 20 20 3 3R B ) B: 5 7 41 5 KEGG
NR. Swiss-Prot. GO. COG/KOG. Trembl £ ¢ Lbxt, X 22 5 3 ] () 2 L IR
FEAT T 5 4% F] HMMER #0045 Pfam %4 23047 LT, DASRER 22 57 36 IR )
BEE. B4R (BR. C. S) MEHHFhE G BT 6 KA &
BEATHER (R, KRIMENR HUREDERRE, L 64542 NEEDY, (H a2
PRI SR 82.43 Y% JLIRAE =8 W) DI R R KEGG. GO+ Swiss-Prot
HAr ANERE T 44702 4 (57.09 %) « 48342 A (61.74) UL} 42537 /> (54.43 %)
PAESERE 7, AR 8 a5, nfH TR — B 1.
B 42 RIS AT REE R

Table 4-2 Functional annotation of barley seed transcriptome

Kol e SR K 1=

Database Number of Genes Percentage (%)
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K e R HE h=a
Database Number of Genes Percentage (%)
KEGG 44702 57.09
NR 64542 82.43
Swiss-Prot 42537 54.33
TrEMBL 62649 80.01
KOG 33339 42.58
GO 48342 61.74
Pfam 43602 55.69
Annotated in at least one Database 66661 85.14
Total Unigenes 78297 100

445 FEIFRIFNHAZERRIEER S

7EA$ FH DESeq2 # 1T %& HR B K 475, Lhlog2FC]> 1; P.value <0.05 {F
NI, ATG TR B TR 22 R R R A B ORI T R R
FAABHR I T R FR: ERRIREA T, 100 umol JHISEZE A BS Ab BRI & 45 = K
TRRFRLS T0 B 7K OE H AL B A K 58 =R 10 75 BROFFRLAE LU 3L 3675 A7 Rl A,
Horp FAREREERN 1014 4, 5 27.59%, FIRAKEREEN 2661 4, 5
72.41 %; 100 pmol JHE 3 MBR AL 8 = R [ E B RS TE B /K E 5 A FETE# K
(7 BFFRLAE LE I 26001 A2 5L, Horp BIEER I EE 14401 4, o
55.38 %, FURAIEEFIEES 11600 4, 5 44.62 %; T TG B /K IR AL B H R 55 =
R IR T R RL 5 T B 7K IE 5 AR 3R T IR 35 BRFPRLAR EL, LA R 26753 A2 AL 1A,
Hoh FIEMEEBCEN 15438 4, 15 57.70 %, FIREMZERECEN 113154, &
43.30 %.

2 4-3 SRR I 25 S ik TR M

Table 4-3 Number of differentially expressed genes among the three sample groups

2 ZERFIBFEENL  ERIEFEHH R THREHE
Parameter H AR Different HH A H
Different expressed expressed Up regulated Down
gene set gene regulated
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2 ZERFIBFEEIL  ERIEFEHH FRFREIERE THREH
Parameter MR Different #H I H
Different expressed expressed Up regulated Down
gene set gene regulated
[log2FC|>1;
BRvs. C 3675 1014 2661
P.value<0.05
[log2FC[>1;
BR vs. S 26001 14401 11600
P.value<0.05
[log2FC[>1;
Cvs. S 26753 15438 11315

P.value<0.05

44.6 EREENTHFES S

R FH 24 T8 ISR 20 BT = AN REAR 2 rp 7 e B R ) A8 ORIAE o 45 53 n & 4-4 T
N, S ERFIEKENR 1443 4. BRvs. C 5 BRvs. S HItL, HLHHERE
BHERFA 2071 4~ BRvs. CH Cvs. S AL, A MZEFREEFE 2673 1
ifi BRvs. S 5 Cvs. S #HLL, Ay 22 m Rk 5L 22520 4.l =20 F B R
REARHEAT 22 L4047, I8 Z-score SR AT IR EL AL IR G, RATEAT T
JEIRFSHT . BANLHI T A L A 122 AR N R, IR ER 1A
ZE R HIBRE . BARGE RN 4-5 . S (EE/KIEWAB T L) 5
BR (100umol JHZE R WESAFER A =K) - C CEHKIER A RE =K)
PR B R IR E SR, XERW T S45 BR. C 4RI I%
B B RN ZES 5T BR 5 C SRS, B4LLE NS R 205 2540,
IAE FIRESAAAE— @ 2 5, XM 1 S A ) 5 BRFFRLRE A 72 7 R A J
PR 53 A i A 30 ¥ 45 FAH I
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Cvs S

BR vs C

Kl 4-4 725 RIE R A 4 B 2 by

Fig. 4-4 Venn diagram analysis of differentially expressed genes

% % % QP.@ Q‘P.‘, e'ﬂ, % % 8,

K 4-5 225 RIKEE A I JESIA ]

Fig. 4-5 Clustering heat map of differentially expressed genes
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=

ERcZVAT'S'S

T BEABARRIRFE M AR S Z IR R IR, PARR IR 22 e B R I B R RS R . 30w
MR, WORREERE,
447 EFFIEEER GO i

Xf BR vs. C X% Hedl b 22 R I8 FL FI 34T GO B0 M, 45 Rl 4-5. 3675
A2 SRR R B =N b AR R (Biological process) « B4 5
(Cellular componen) PLK& 73T ZhfE (Molecular function) o 7RIS FE />,
BN R E IR AN, JellskE. AV E AR ERTA . 40 nT
W EMEH, RJ6. TR, AEPRELRE ST M IR, "
PN R ENINRE R E RS M B L MR AR T RR G R4 1.
A0 H DT MBS TAE S T ThRE T T, B AR RN R E DR R R AT B A 4G
& RS E . IRNA 44 T EEEAEE. O ARG S EAT
SR LL R ATP AR & B B & 1A 55

photosynthesis, light reaction 72 (3.29%)
energy derivation by oxidation of organic compounds 54 (2.47%)
cellular respiration 53 (2.42%)
photosynthesis, light harvesting 51 (2.33%)
rhythmic process 47 (2.15%)
aerobic respiration 47 (2.15%)
response to reactive oxygen species 45 (2.06%)
ribonucleoprotein complex assembly 40 (1.83%)
cytoplasmic translation 38 (1.74%)
photosynthesis, light harvesting in photosystem | 36 (1.65%)
response to hydrogen peroxide 35 (1.6%)
protein complex oligomerization 33 (1.51%) Biological process
tricarboxylic acid cycle 32 (1.46%)
ribosome assembly 25 (1.14%)
protein refolding 22 (1.01%)
ribosomal small subunit biogenesis 22 (1.01%)
cellular response to unfolded protein 17 (0.78%)
carbon fixation 17 (0.78%)
photosynthesis, dark reaction 16 (0.73%)
reductive pentose-phosphate cycle 16 (0.73%)
ribosomal small subunit assembly 14 (0.64%)
secondary alcohol metabolic process 13 (0.59%)
programmed cell death involved in cell development 13 (0.59%)
photosystem 76 (3.32%)
cytosolic large ribosomal subunit 73 (3.19%)
small ribosomal subunit 72 (3.14%)
i bphotoslyslem Il 65 (2.84%)
cytosolic small ribosomal subunit 61 (2.66%)
photosystem | 57 (2.49%) Cellular component
polysome 32 (1.4%)
polysomal ribosome 29 (1.27%)
lytic vacuole 27 (1.18%)
endoplasmic reticulum lumen 23 (1%)
unfolded protein binding 65 (2.77%)
chlorophyll binding 52 (2.22%)
rRNA binding 45 (1.92%)
proton transmembrane transporter activity 45 (1.92%)
protein self-association 42 (1.79%)
protein folding chaperone 37 (1.58%)
ATP-dependent protein folding chaperone 34 (1.45%)
electron transfer activity 31 (1.32%)
oxidoreduction-driven active transmembrane transporter activity 15 (0.64%) Molecular function
phosphorus—oxygen lyase activity 15 (0.64%)
protein domain specific binding 15 (0.
misfolded protein binding 15 (0.64%)
beta—fructofuranosidase activity 15 (0.64%)
ribonuclease T2 activity 13 (0.55%)
fructosyltransferase activity 11 (0.47%)
sucrose 1F-fructosyltransferase activity 11 (0.47%)
gamma-terpinene synthase activity { 5 (0.21%)

0 1 2 3 4 5
Percent (%)

4] 4-6 BR vs. C X LLAL 7 5 5 K GO & B2 A
Fig. 4-6 GO enrichment analysis of differential genes in the BR vs. C comparison group

1M BR vs. S Xf th2H i 22 5 RIBFL K HE1T GO ‘&= &, i R Won e A

47



8 W YN R R TATS'S

-

(VIS LR S SSRTE iRV aS V2R CA=Raw U SN R 2 LS A AV R VA RN D I N
R A AR RE . BRABE R . RN AR AEY) S O A . iR aE 2 iEAR
WA WA PRSI BN L R o R S I o 3 ey A Bl SR A S R s AE AN
Mo Rerh, EHREOVEZ IR E KT BRI o RAASE
PRI LR R AR SREE AR s AL T IhREd RE h, H SR BN R & I fE 2 LU A
A9 S AR (1 A i B T o S A P ] B e A T 1 e L 11
ZER NI O-BL AL AL B IG PR . 4 SR A -1,3-beta-D- ] %] B H BREG VE O- FF k4%
MBEE T DL A KGETE S (B 4-7)

phenylpropancid biosynthetic pfaoess
cell wall pcwsa:cha ide metabolic pr i
respon

Biolagical process

108 (0.60%)

128
\35‘0 \DD I 90 {0.54%)
i 71 (0.43%) Gallular component
plastc (ko me 54.(033%)
chlore op\as( L 54 (0.33%)
acting o r

254 {1.56%)
286 (1.5%)
239 (1.45%)
168 (1.02%)

156 (0.95%)
oxidoreductase activily, acting on paired donors, with incorporaticn or reduction of molecular axygen, NAD(P)H as 130 (0.79%)

Molecular function

Dﬂylu\k\aseal:lwly 10(0.06%)

Kl 4-7 BR vs. S Xf H4H 25 AL H GO ‘& 54

Fig. 4-7 GO enrichment analysis of differential genes in the BR vs. S comparison group

XF Cvs. S W LLZH i 22 e Rk B AT GO ‘B4R 70, 4R & 4-8. 4
AR 2 s S o 2 1 D e R i SR A R L X493 10 19 s 8 8 3 AR i
Py i EAAE AR . S A R 0B 2 MEARIE R . R
Ve S A AE PR R N . B R AV A BOITE B RS2 7EZ4H M
ot feh, AR BEAM-DNA &Y. /MK LR R & SN i
FINThRE: MRS T IIRET M, & SN R E M T Re 2 DOl S A 2k 1AL
W JEBERE L I ARSI E EE T B ah s R s A L @
TR Gt IR A R R DA BOR SRR A TS T e

HE

P

0

A

;

EV

[=
4

5
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hydrogen peroxide metabolic process
response to wounding

pigment metabolic process

hydro?en peroxide catabolic process
polysaccharide catabolic process

cell wall polysaccharide metabolic process
phenylpropanoid biosynthetic process
response to reactive oxygen species
pigment biosynthetic process

beta— (T;Iucan metabolic process
hemicellulose metabolic process
photosynthesis, light reaction

cellulose metabolic process

flavonoid metabolic process

flavonoid biosynthetic process

tetrapyrrole metabolic process

RNA phosphodiester bond hydrolysis
chlorophyll metabolic process

tetrapyrrole biosynthetic process

cellular polysaccharide catabolic process
glucan catabolic process
porphyrin-containing compound biosynthetic process
chlorophyll biosynthetic process
photosynthesis, light harvesting
hemicellulose catabolic process

xylan catabolic process

cell wall polysaccharide catabolic process
fat-soluble vitamin biosynthetic process
fat-soluble vitamin metabolic process
mitotic cytokinesis

beta-glucan catabolic process

heme biosynthetic process

histone mRNA metabolic process
anchored component of membrane
protein-DNA complex

nucleosome

plastoglobule

oxidoreductase activity, acting on peroxide as acceptor
peroxidase activity

. glucosyltransferase activity
passive transmembrane transporter activity
channel activity

structural constituent of chromatin
xylanase activity

xyloglucan:xyloglucosyl transferase activity
ribonuclease T2 activity

nitrate transmembrane transporter activity
fructosyltransferase activity

sucrose 1F-fructosyltransferase activity
phytol kinase activity

233 (1.46%)
210 (1.31%)
206 (1.29%)
205 (1.28%)
192 (1.2%)
191 (1.2%)
188 (1.18%)
176 (1.1%)
171 (1.07%)
166 (1.04%)
157 (0.98%)
151 (0.95%)
145 (0.91%)
139 (0.87%)
119 (0.74%)
100 (0.63%)
89 (0.56%)
88 (0.55%)
77 (0.48%)
77 (0.48%)
77 (0.48%)
75 (0.47%)
68 (0.43%)
67 (0.42%)
54 (0.34%)
54 (0.34%)
54 (0.34%)
52 (0.33%)
52 (0.33%)
50 (0.31%)
39 (0.24%)
34 (0.21%)
22 (0.14%)
236 (1.4%)
234 (1.38%)
180 (1.06%)
87 (0.51%)
256 (1.52%)
247 (1.47%)
244 (1.45%)
217 (1.29%)
217 (1.20%)
177 (1.05%)
54 (0.32%)
51 (0.3%)
24 (0.14%)
21 (0.13%)
17.(0.1%)
17 (0.1%)
10 (0.06%)

0.0

0.5 1.0 15 2.0

Percent (%)

Biological process

Cellular component

Molecular function

K] 4-8 C vs. S X ELZH = R I GO &£

Fig. 4-8 GO enrichment analysis of differential genes in the C vs. S comparison group
4.4.8 EZFEREH KEGG 771

Kyoto Encyclopedia of Genes and Genomes (KEGG) &
HR G T ERA . Yl B 2. MR S FE B KEGG #4t
T ZMERMEERMERER, DRENEEDFESE P MEEEH. 24
KEGG &4 1T, RefBhEATA BUtit— b g 72 R AL H M Th k. 7EX BRvs. C
Xf b v 22 e R IKFR AT KEGG &M E, BATKBIENZE 5483 9 4
RUTER S, AR EER-REEA. A, ARMFHEAFINT. X
EYEH . CEERAM R BRI, EWITEIRIEIR (TCA FEH) . b«
PR LA AP Bk € , e AEAZ R i b 2 s SR R N B R i 2 (&1 4-9).

RN

R,
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Photosynthesis - antenna proteins -
Ribosome A [ ]
Protein processing in endoplasmic reticulum 4 [ ]
Photosynthesis 1
Glyoxylate and dicarboxylate metabolism - @ Q-value
Circadian rhythm - plant . as 1.00
Citrate cycle (TCA cycle)+ L] 0.75
Carbon metabolismq @ 0.50
Carbon fixation in photosynthetic organisms 4 ®
Oxidative phosphorylation - g 0.25
Cutin, suberine and wax biosynthesis 0.00
Taurine and hypotaurine metabolism - . C
Monoterpenoid biosynthesis 4 aunt
Nitrogen metabolism | . ® 200
Sesquiterpenoid and triterpenoid biosynthesis 4 . ® 400
Metabolic pathways | @ @ 600
Porphyrin metabolism 4 .
Steroid biosynthesis+ .
Glutathione metabolismy e
Linoleic acid metabolism A
01 02 03 04 05 06
Rich Factor

K] 4-9 BR vs. C X Etb 4 2 73 K KEGG & %7047

Fig. 4-9 KEGG enrichment analysis of differential genes in the BR vs. C comparison group
£ BR vs. S X HLALH) KEGG & &0, Z R RIS R B E EE£3 11 MU
WS . BAERR A EY G R RERR A & R AR S
KB ED A JER IR R E ST LR, 13k,
PG ER YA R IRITRREE K RTER . WA RS Y&
J REHE NERIVEYE . BERHEEE, H S RERECE R 2 M RANE
12 AR IR ARV IR ) 6 IR A
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Biosynthesis of secondary metabolites [ ]
Phenylpropanoid biosynthesis @
Metabolic pathways{ @
Flavonaoid biosynthesis .
Starch and sucrose metabolism 4 ° Q-value
Plant hormone signal transduction { ] s 100
Galactose metabolism 1 ® 0.75
Stilbenoid, diarylheptanoid and gingerol biosynthesis- . 0.50
Fatty acid elongation . 0.25
Cutin, suberine and wax biosynthesis- . . 0.00
Carotenoid biosynthesis .
Pentose phosphate pathway e Count
Isoflavonoid biosynthesis ® 1000
Other glycan degradation ® 2000
Taurine and hypotaurine metabolism 1 @ 3000
Glycerolipid metabaolism - ° @ 4000
Benzoxazinoid biosynthesis 1 .
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Fig. 4-10 KEGG enrichment analysis of differential genes in BR vs. S comparison group
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Fig 4-11 KEGG enrichment analysis of differential genes in the C vs. S comparison group
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449 SHREREREXNESER
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Table 4-4 Differential Genes Associated with Melatonin in the Three Comparison Groups

ID log2FoldChange P-value regulated Description
BR vs. C Cluster-33739.0 1.419261192 0.000180035 up O-methyltransferase ZRP4
Cluster-38931.1 8.647767693 2.8271E-209 up S-norcoclaurine synthase 1
Cluster-44523.0 3.975271 4.5E-144 up serotonin N-acetyltransferase 1, chloroplastic
2-oxoglutarate-dependent dioxygenase
Cluster-33296.1 -3.15454 1.2E-126 down
19-like isoform X1
2-oxoglutarate-dependent dioxygenase 33
Cluster-21726.10 2.68901 2.4E-103 up
BR vs. S isoform X2
putative iron/ascorbate-dependent
Cluster-21726.1 -4.9412 1.13E-73 down
oxidoreductase
Cluster-29775.0 10.63865 1.5E-72 up acetylserotonin O-methyltransferase 1-like
Cluster-37595.0 9.543566 2.16E-58 up acetylserotonin O-methyltransferase 1-like
Cluster-30241.0 9.12567 5.96E-45 up Protein SRG1
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ID log2FoldChange P-value regulated Description
O-methyltransferase 1, chloroplastic isoform
Cluster-32579.0 2.813093 1.92E-40 up
X1
Cluster-26560.0 -1.46249 2.78E-34 down predicted protein, partial
Cluster-16692.0 -5.05605 1.18E-20 down hypothetical protein ZWY?2020 051464
Cluster-35330.0 10.53456 5.18E-19 up O-methyltransferase ZRP4
protein CANDIDATE G-PROTEIN
Cluster-23453.0 -1.00974 1.71E-14 down
COUPLED RECEPTOR 2-like
Cluster-34674.3 1.415291 6.76E-12 up hypothetical protein ZWY?2020 040036
2-oxoglutarate-dependent dioxygenase
Cluster-18497.0 7.991678 4.62E-11 up
11-like
Cluster-33739.0 8.141308 5.72E-11 up O-methyltransferase ZRP4
Cluster-40872.5 2.355539 4.2E-09 up predicted protein, partial
2-oxoglutarate-Fe(II) type oxidoreductase
Cluster-41003.9 -4.02095 1.04E-08 down
hxnY isoform X3
2-oxoglutarate-dependent dioxygenase 21,
Cluster-19646.0 -2.38141 2.35E-08 down
chloroplastic-like
2-oxoglutarate-dependent dioxygenase 33
Cluster-21726.8 1.037991 4.54E-06 up
isoform X2
2-oxoglutarate-dependent dioxygenase
Cluster-21726.6 1.586378 0.023708 up
33-like isoform X1
Cluster-17573.1 2.250199 0.031438 up hypothetical protein ZWY2020 051083
Cluster-38931.1 9.174223 1.15E-243 up S-norcoclaurine synthase 1
Cluster-44523.0 4.1431 1.33E-161 up serotonin N-acetyltransferase 1, chloroplastic
2-oxoglutarate-dependent dioxygenase 33
Cluster-21726.10 2.716647 4.63E-122 up
Cvs.S isoform X2
2-oxoglutarate-dependent dioxygenase
Cluster-33296.1 -2.63338 6.11E-102 down
19-like isoform X1
Cluster-29775.0 10.96383 6.407E-77 up acetylserotonin O-methyltransferase 1-like
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ID log2FoldChange P-value regulated Description
putative iron/ascorbate-dependent
Cluster-21726.1 -4.50754 2.437E-72 down
oxidoreductase
Cluster-37595.0 9.221929 4.055E-52 up acetylserotonin O-methyltransferase 1-like
Cluster-30241.0 9.496486 1.675E-48 up Protein SRG1
O-methyltransferase 1, chloroplastic isoform
Cluster-32579.0 2.69754 1.28E-37 up
X1
Cluster-26560.0 -1.36769 1.063E-28 down predicted protein, partial
protein CANDIDATE G-PROTEIN
Cluster-23453.0 -1.3492 7.204E-27 down
COUPLED RECEPTOR 2-like
Cluster-34674.3 1.895015 3.857E-26 up hypothetical protein ZWY?2020 040036
Cluster-35330.0 10.19453 1.014E-17 up O-methyltransferase ZRP4
2-oxoglutarate-dependent dioxygenase 33
Cluster-21726.8 1.71223 6.501E-15 up
isoform X2
Cluster-16692.0 -4.26353 2.079E-13 down hypothetical protein ZWY?2020 051464
2-oxoglutarate-dependent dioxygenase
Cluster-18497.0 7.61689 6.872E-10 up
11-like
2-oxoglutarate-dependent dioxygenase 21,
Cluster-19646.0 -2.62167 1.739E-08 down
chloroplastic-like
Cluster-17573.6 3.267677 7.563E-05 up predicted protein
Cluster-40872.5 1.834714 0.0003536 up predicted protein, partial
2-oxoglutarate-Fe(II) type oxidoreductase
Cluster-41003.9 -2.59054 0.0020681 down
hxnY isoform X3
Cluster-21726.11 1.127556 0.00463 up hypothetical protein ZWY2020 053109
2-oxoglutarate-dependent dioxygenase
Cluster-21726.6 1.808069 0.0092454 up

33-like 1soform X1

TE R

RRAGHIATAYI PO ER, R RN A& R R E B
BRI 1, BRRAEHER IR T 4-12. #£ BR vs. C I LLEH,
R 31—~ Sk R AT R0 L35 1 2 5 BRI Cluster-33739.0, 01X A A i3
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